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DRYING 
HCINEERING 


LOUISVILLE DRYER saves $45,000 yearly 
for a leading pharmaceutical plant 


FORMER DRYER 


Installed cost 

Orying time 

Drying cost.............$0.354 per 100 Ib. 
(space required, 950 sq. ft.) 


15 minutes—instead of almost 24 hours for drying! 
thet time Contamination reduced to zero—no need for reprocessing 
Grying cont $0.123 per 100 Ib. 90,000 Ib. of crystalline chemical every year— 

(space required, 300 sq. ft.) at a cost of 50c per 100 Ib. 

It all happened when a Louisville engineer examined 
this plant's old batch type drying process, and 
recommended the installation of a specially-designed 
Louisville dryer. The drying method was pre-tested in 
our own research laboratories and pilot plant for its 

N DRYING COSTS ability to “deliver the goods.” 

If high drying costs and low drying performance are 

bothering you these days, call in a Louisville engineer. 


ALONE... 88,300 There is no obligation. 


Louisville Drying Machinery Unit 


Ask for new treatise on subject of rotary dryers ROCESS EQUIPMEN Over 50 years of creative drying engineering 
DIVISION 
. GENERAL AMERICAN TRANSPORTATION 
Other Gonsvat American Equipment: CORPORATION 
Turbo-Mixers, Evaporators, Dewaterers, Dryer Sales Office: Hoffman Bldg.. 139 So, Fourth Street 
Towers, Tanks, Bins, Filters, Louisville 2, Kentucky 
General Offices: 135 South La Salle Street, Chicago 90, Hlinois 
Offices in all principal cities 
In Canada: Canadian Locomotive Company, Lid. 
Kingston, Ontario 
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sor ene time — 


predictable performance 
meters in “teardrop” 
flow ranges 


Here, for the first time, 
is a laboratory flow meter 
which makes possible de- 
pendable and predictable 
flow rate measurement — 
even at a fraction 

of a cc/min. It 


employs the new ///\ \ 
F&P “Tri-Fiar” 
Pyrex glass tube, . ) 


featuring three 

lands parallel to 

the tube axis to provide a 
tangential guide for a free 
spherical float. Steady float 
action — without bounce or 
wobble — assures constant 
flow coefficient. For the first 
time, low flow rate measure- 
ments are not only predict- 
able, but repeatable, with 
high accuracy — outmoding 
all other laboratory flow 
rate meters. 

Performance data for 
“Tri-FLaT” metering ele- 
ments has been compiled in 
a new engineering hand- 
book. Laboratory use of the 
new predictable perform- 
ance elements and the 
handbook is simple and 
convenient. Previ- 


ously required 
check calibrations 
can be forgotten. 

A limited num- 


ber of Laboratory 

Sets has been pre- 

pared to introduce this 
revolutionary development. 
These sets cover a flow 
range of 0.07 to 900 cc/min. 
of water or 5 to 37,000 sid. 
cc/min. of air. 


Each set includes: 

@ Five sizes of TRI-FLAT meters with 

standord taper ground glass joints. 

@ Matching, precision spherical 

phire and constant density floats. 

@ Engineering TRI-FLAT dote hand- 

book. 

@ Fine hardwood corrying case. 
Priced complete at $95 
f.o.b. Hatboro. Avoid de- 
lay in bringing the ad- 
vantages of this program 
to your laboratory by 
placing order now. how! 


FISCHER & PORTER 
MPANY 
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: 
: 
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cost corrosion 


IN MANY SERVICES...WITH 


CRANE 


CAST IRON GATE VALVES 


Here is a line of “cast iron” gate valves with a special talent for 
resisting corrosion, erosion and wear. Use them with safety where 
the strength of ordinary cast iron is adequate—in soda and sulfate 
pulp mill service—on creosote lines in wood treating processes—for 
handling sour distillates and crudes in petroleum refining—and 
many similar services. 

Clue to the extra staying-power of Crane Ni-Resist Cast Iron 
Valves is in their make-up (approximately 14% nickel, 242% chro- 
mium, and 6% copper)—and in their 18-8 Mo Alloy Steel stem and 
seating faces. Not to be overlooked is the fine Crane design that 
gives you a strong body and bonnet without excessive weight, a 


well-proportioned stem with precision-cut threads, a sturdy yoke, 


and the dependable disc-stem connection that assures smooth oper- 
ation and tight seating of the solid wedge disc. Ask your Crane rep- 
resentative for full details, or see your Crane Catalog. 


THE CRANE NI-RESIST LINE 
Working Pressures: 
Cold Water, Oil, or Gas, Non-shock 
Screwed Valves—225 pounds 
Flanged Valves—200 pounds 
Available in sizes % to 8 in. All 
have solid wedge disc, with out- 
side screw and yoke. Sizes 2 to 3 
in. have clamp type bonnet joint 
Cross-section 4 to 8 in. and one-piece bolted gland. Sizes 
sizes; bolted bonnet 4 to 8 in. have conventional bolted om ate Sizes 4,6 screwed ends. Sizes 4 


joint; flanged ends. joint and two-piece bolted 


The Complete Crane Line Meets All Valve Needs. That’s Why More Crane Vaives Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE © PLUMBING + HEATING 
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GIRDLER DESIGNS AND BUILDS 


New piastics materials plant for 
B. F. Goodrich Chemical Co. in record time! 


ERE is the fourth major 
H chemical project completed 
by Girdler for B. F. Goodrich 
Chemical Company .. . a plant now 
producing large quantities of Geon® 
polyvinyl materials. 

Based on Girdler's past perform- 
ance, B. F. Goodrich Chemical 
assigned Girdler a “package” con- 
tract for process engineering and 
construction. The plant was com- 
pleted economically and in record 
time to meet the increased demand 


for Geon materials for consumer 
and defense use. 

For process plants in the chemi- 
cal, natural gas, and petroleum 
industries, Girdler assumes unit 
responsibility for design, process 
engineering, and construction. Such 
coordination centralizes responsi- 
bility, and saves time. 

To assure successful results, call 
on Girdler in the planning stages of 
your processing facilities. 
*HYGIRTOL is @ trade mork of The Girdler Corp. 


tke GIRDLER C«perstiow 


LOUISVILLE 1, KENTUCKY 
Gas Processes Division 


GAS PROCESSES DIVISION: Designers, Engineers, and Constructors for the Petroleum and 


cal Industries 


VOTATOR DIVISION: Processing Apparatus for the Food and Chemical Industries 
THERMEX DIVISION: Industrial High Frequency Dielectric Heating Apparatus 
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Hydrogen Plant. This plant, the 
second Girdler HYGIRTOL® unit pur- 
chased by Lever Brothers Company, 
assures a dependable source of high- 
purity hydrogen for hydrogenation of 
vegetable oils at Lever's new Los Angeles 
plant. Instruments control the process, 
and only one man is required to keep 
the plant in operation, furnishing 
hydrogen at any desired rate. Purity 
generally exceeds 99.8%, and operation 
is safe, quiet, and clean. 


Synthesis Gas Plant. Girdler 
has broad experience in handling com- 
plete “process packages”, covering 
design and construction of process 
plants involving very high operating 
pressures, high temperature reactions, 
and corrosive substances. This synthesis 
gas plant is a unit of a complete syn- 
thetic nitrogen fertilizer plant which 
operates with a lower unit energy input 
than any similar plant in existence. 


Want More Information? 
Girdler’s Gas Processes Division designs and 
builds plants for the production, purification, 
or utilization of chemical process gases; 
purification of liquid or gaseous 
hydrocarbons; manufacture of 

organic compounds, Write for 

Booklet G-35. The Girdler 
Corporation, Gas Processes Divi- 

sion, Louisville 1, Kentucky. 

District Offices: New York, 

Tulsa, San Francisco. In Canada: 

Girdler Corporation of Canada 

Limited, Toronto. 


Girdler Process News 
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take o CLOSER LOOK at 


ALLOY 
TUBING 


for high temperature applications 


CARBON-MOLY * CROLOY CROLOY 1's. 
CROLOY 2 * CROLOY 2's * CROLOY 


CROLOY 5 


5-5) CROLOY 7 CROLOY 9-M 


All of these intermediate alloys, developed expressly for high 
temperature services, are being used extensively in a wide variety 
of chemical processing applications. All have earned universal 
acceptance and praise for giving optimum service satisfaction with 
economy over the years. The accompanying table shows the exten- 
sive range of temperature, pressure, corrosion, and oxidation 
conditions met by B&W Alloy Tubing. Technical data on these 
analyses is contained in Bulletin TB-12, available upon request. 
Call on Mr. Tubes—your B&W Tube Representative—to get the 
benefit of the extensive tubing service he represents, 


CARBON-MOLY — 0.50% Mo—For services to 1050F 
requiring higher creep strength than carbon steel with no 
increase in corrosion or oxidation resistance. 


CROLOY | ,—0.60% Cr, 0.50% Mo—For operating con- 
ditions to 1075F requiring properties superior to carbon- 
moly with respect to graphitization and creep strength. 


CROLOY it 71.25% Cr, 0.50% Mo, 0.75% Si—Eco- 
nomic grade creep strength properties up to L1LOOF. 
Somewhat more corrosion resistant than chromium-free 
steels. 


CROLOY 2—2% Cr, 0.50% Mo—Economic grade for re- 
sisting both oxidation and corrosion, with excellent high- 
temperature strength, up to 1150F. 


CROLOY 2\,—2.25% Cr, 1.00% Mo— Exceptionally 
high creep strength up to 1175F for polymerization and 
high pressure cracking. Otherwise similar in properties 
and characteristics to Croloy 2. 


on your specific tubing problems 


CROLOY Cr, 0.90% Mo — Somewhat better 
creep properties, and resistance to corrosion and oxidation 
up to 1175F than Croloy 2. 


CROLOY s—5% Cr, 0.50% Mo—For operating condi- 
tions up to 1200F where corrosion resistance is a primary 
requirement—with creep strength and oxidation resistance 
superior to Croloy 2. 


CROLOY 5-Si—5% Cr, 0.50% Mo, 1.50% Si—For oper- 
ating conditions up to 1300F where oxidation resistance is 
a primary requirement. Excellent resistance to scaling 
under straight oxidizing conditions. 

CROLOY 7—7% Cr, 0.50% Mo, 0.50-1.00% Si — For 
operating conditions up to 1250F where corrosion resist- 
ance is the primary requirement. Somewhat more oxida- 
tion resistant than Croloy 5. 


CROLOY 9.M—9% Cr, 1% Mo—For severe operating 
conditions up to 1300F where high corrosion and oxida- 
tion ‘esistance are essential as in hydrogenation processes, 


Steels from CROLOY 1! upward are electric furnace alloy steels which are 
normally cleaner and of better quality than open hearth steels. This contributes 
to greater reliability and improved creep properties at elevated temperatures. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 
General Offices & Plants 
Alliance, Ohio— wetted 

Sales Offices: Beaver Falls, Pa. ° 6, Moss. Chicago 3, 1. 
7, Col. Philodeiphic 2, Po. 


isco 3, Cal. Syrocuse 2, N. 
* Tulse 3, Okle. 
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Where purification by distillation is 
ineffective, impractical or impossible 


Me 


aqnesol 


al MAGNESIUM SILICATE 


to remove acidic residues, color, odor 
or traces of moisture from liquids by 


Useful “chemical-process tool”, MAGNESOL BRAND 
magnesium silicate has many potential applications 
wherever it is necessary to decolorize, deodorize, clarify 
or purify organic solvents, oils, fats, waxes, etc. by ad- 
sorption rather than distillation. 


Typical examples (which may sugge.t uses in your 

processes) include such diverse applications as: 
Removal of residual organic acids from plasticizers. 
Reclaiming industrial solvents. 


Purification of dailly! maleate used in the manu- 
facture of fiber-glass reinforced plastics. 


Bleaching vegetable and animal oils. 
Re-refining of Silicone oil. 


A highly adsorptive synthetic magnesium silicate, 
MAGNESOL* is made under close chemical control. Its 
dependably uniform properties, high effectiveness in 
small quantities and modest price commend it wherever 
an alkaline (pH 7.5-8.5) adsorbent is required. 


SEND FOR TECHNICAL DATA SHEET 
AND TEST SAMPLE 
Kindly describe your problem so that our Technical Serv- 
ice Division can give you the maximum benefit of our 


groscopic chemicals, 
many years of MAGNESOL manufacture and application. mildly desiccont 
the “shelf life” 


*MAGNESOL is the registered trode mark of Food Machinery ond Chemi- 
col Corporation for its brond of magnesium silicate adsorptive powder. 


WESTVACO CHEMICAL DIVISION 
FOOD MACHINERY AND CHEMICAL CORPORATION | 
GAST 42nd STREET. NEW YORK 17, ¥, 
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For Long 


Trouble-Free Service 


The Greatest Improvement Ever 
Made in Braided Packings! 


The strands of Garlock Lattice-Braid packings are braided 
through and through on specially designed braiding machines. 
Since all strands are strongly linked together into a single unit, 
they are firmly held together even when the packing is worn far 
sid beyond the limits of wear of ordinary braided packings. 
GARLOCK 751 (cotton) Lottice- This exclusive lattice braiding also provides unusual flexi- 
Braid Pocking for hot or cold water. bility and semi-automatic pressure action which keeps the pack- 
ing properly adjusted in the stuffing box. Longer service with 
less attention. 
Garlock Lattice-Braid is manufactured from flax, cotton, 
asbestos, wire-inserted asbestos and ““Teflon”—for various types 
of service. Furnished in ring, coil or on reels. 


Write today for the new Lattice-Braid Folder. 


THE GARLOCK PACKING COMPANY 
PALMYRA, NEW YORK 


In Canada: The Garlock Packing Company 

— of Canada Ltd., Toronto, Ont. 
GARLOCK'S specially designed 
Lottice-Braiding machines. 


PACKINGS, GASKETS, OIL SEALS, 


A R LO % K MECHANICAL SEALS, 


RUBBER EXPANSION JOINTS 
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Sulfur 


by-product with a big dividend 


recovered with 


FOSTER WHEELER 
EQUIPMENT 


The unprecedented demand for Sulfur has 
reached a point where the world’s «vailable 
supply is seriously threatened. Thus, the 

need to find new sources for this vital element 
becomes one of the major items on today’s 
agenda for full-scale production for both 

nents defense and civilian needs. 


Fortunately, there is a great new source. 
Instead of allowing it to vanish into thin air, 
Sulfur is being recovered profitably from 

H2S bearing gases with Foster Wheeler 
equipment. A quarter million tons 
of Sulfur per year will be 
recovered by Foster Wheeler 
plants installed or now 


Removol of HS from coke 
oven gos not only enhances the 
volve of the gas but provides 
@ source of elemental sulfur 
A Foster Wheeler sulfur re- 


covery plont is in operation 
on this service. 


FOSTER Q WHEELER 


165 BROADWAY, NEW YORK 6, N.Y. 
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AMERICAN MAIZE-PRODUCTS COMPANY of Hammond, Ind. 
revolutionizes starch production 


with new flash drying unit and 


two BAKER PERKINS Centrifugals 
> 


New flash drying plant of the American Maize- 
Products Company is the first commercial applica- 
tion of flash drying to corn starch. The plant can 
handle approximately 300,000 Ibs. of corn starch 
daily, an increase in the Company’s starch drying 
capacity of more than 50%. And the quality of the 
product is far better than that produced by the old 
kiln method of drying. Two BAKER PERKINS ter 
Meer Centrifugals dewater starch slurry to a mois- 
ture content of 35% for the flash drying unit. 


Flow sheet diagram of the new flash drying 
plant. This new method of drying corn starch 
is faster and more efficient than any other dry- 
ing method now used in the corn refining indus- 
try. Production is higher; capital and operating 
costs are lower. And the two BAKER PERKINS 
Centrifugals shown in the diagram help keep 
production high and costs low for the American 
Maize-Products Company. 


These two BAKER PERKINS ter Meer Centrif- 
ugals play a vital part in the successful opera- 
tion of the flash drying unit. In this installation, 
they are fully automatic, but they can be pro- 
vided with manual controls if necessary. A 
simple cycle controller makes complicated cen- 
trifugation cycles easy, and the control cycle 
will compensate for most any process variables. 
BAKER PERKINS Centrifugals are available in 
several capacities for production work as well 
as in laboratory and pilot plant models. 


BAKER PERKINS INC. 


CHEMICAL MACHINERY DIVISION* SAGINAW, MICHIGAN 
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STRUTHERS WELLS 


EQUIPMENT 


for Dowtherm 


and Other Fluids 


The Struthers Wells forced circulation system utilizing 
Dowtherm as a heat transfer medium has been widely 
accepted by the chemical industry and other users in 


recent years. Scores of large installations in this 
country, and numerous units abroad, testify to the 
universal satisfaction of the user. Many of these 
installations are repeat orders. 


This system offers the user: 
@ Proven performance at maximum temperatures 


@ Trouble-free operation, no coking or overheating 
of equipment 


@ High thermal efficiencies 


@ Close temperature control 


e@ Complete equipment and engineering service 

@ Moderate initial cost and low maintenance charges 
We also supply equipment for heating gases to high tem. 
peratures—for superheating steam—heating asphalts. 
absorption oil and a wide range of services. 


Good deliveries are available in standard sizes. 


Write for Bulletin B-45 ee, STRUTHERS WELLS CORPORATION 
on your letterhead, Wells WARREN, PA. 


Plants at Warren, Pa. « Titusville, Pa. 
Offices in Principol Cities 


please 
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DICALITE PLANT 


y ...will add approximately 80% increased production capacity 
for Dicalite calcined and processed filteraids and fillers 


The new plant of the Dicalite Division, 
Great Lakes Carbon Corporation, at Lompoc, 
Calif., is now in volume production at a con- 
tinually increasing rate. It represents over 5 
years of engineering, design and construction, 
and is the largest complete unit for processing 
diatomite built in the last 22 years. Full de- 
signed output will add approximately 80% 
increased production capacity for Dicalite cal- 
cined and processed filteraids, fillers and 
other materials. 


This increased production capacity insures a 


plentiful supply of Dicalite products for the 
future. Users can be confident of dependable 
delivery, with four plants in operation, chances 
of interrupted supply are greatly reduced. 


Advanced design of the new plant has 
afforded greater operating flexibility and 
extended processing ranges. Specifications 
for performance and quality of each product 
are readily maintained. Research data are 
being accumulated to aid in developing new 
and improved Dicalite products for future 
industrial use. 


DICALITE DIVISION GREAT LAKES CARBON CORPORATION 


a 


NEW YORK 


Chemical Engineering Progress 


17 + CHICAGO 1 


* LOS ANGELES 17 


August, 1952 


THE FOURTH 

| ...now in Volume 

ae 
| 
| 


Rotary Cooler with Continuous Interior Flight 
Permitting the Rate of Cooling to be Con- 
trolled by the Speed of Shell Rotation. 


Experimental Calciner, Determines the Pre- 
ferred Operating Conditions Preliminary to 
Building Full Size Plant Equipment. 


prevents product contamination 


@ Of special design, the dryer pictured above removes an organic 
solvent from a newly developed anti-biotic — avoids product contamina- 
tion. The drying cylinder is of stainless steel, with ground and sand 
blasted welds and the flights that lift the material, and cascade it down 
through the heated air stream, are of special design to assure a smooth 
interior surface, eliminate corners, and permit the entire interior of the 
unit to be cleaned, thoroughly and quickly. Complete with feed hopper, 
variable speed screw feeder, heating coils, air blower, air sterilizing unit, 
exhaust fan and cyclone dust collector mounted on the same frame to 
insure permanent alignment of all parts, this unit illustrates Bartlett- 
Snow's ability to design and build equipment to meet the most exacting 
requirements. Let us work with you on your next drying problem. 
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VALVE 


MAINTENANCE Costs! 


> 


for inspection and maintenance 
| Annin Valves remain in the line 


The single seat design of the Annin valve body means lower 
Maintenance costs. As shown, the lower half separates from 
the valve assembly, exposing for inspection or replacement 
the valve seat, plug and stem—without removing valve from 
line. No special pipeline crews are necessary. On-the-job in- 
spection and maintenance by plant crews is practical and 
economical. Valve seat is not threaded and can be replaced 
without special tools or grinding-in operations. Under severe 
erosive and corrosive conditions lower half can be easily ‘oo =] 
replaced at small cost compared to total valve investment. 
This cost-cutting feature applies to all Annin Valves— 
Domotor, Solenoid, and Handwheel types. All give the ulti- 
mate in precision positive control. If you are interested in 
lower maintenance, and operating advantages approached by 
no other valve —it will pay you to investigate Annin Valves. 


The Annin Domotor valves 
provide positive control 

of corrosive, erosive fluids 
ond fluids containing 
semi-solids. 


Send for Annin General Catalog 1500B. Explains the 
exclusive Annin positive control Domotor action. Con- 
tains valuable cost-cutting hints, control valve applica- 
tion facts, low formulas 
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Lapp 


TUFCLAD 


CHEMICAL PORCELAIN 
ARMORED | 

WITH FIBERGLASS — 
REINFORCED PLASTIC 


No chance for accidental damage to Lapp Chemical Porcelain with TUFCLAD Fiberglass- 


reinforced plastic! Strong Fiberglass fabric is impregnated and bonded in multiple layers to the 
porcelain with an Epoxide resin of high strength and chemical resistance. It cushions blows in ; 
handling and operation—acts as an insulator against thermal shock. Besides, the TUFCLAD 
armor is of itself strong and tough—it will hold operating pressures against gross leakage even 
when porcelain is damaged by accident, explosion or fire. Enjoy the purity and corrosion- 
resistance of solid porcelain in a system with this new added protection to personnel, equipment 
and product. WRITE for description and specifications. 

Lapp Insulator Co., Inc., Process Equipment Division, 509 Maple St., Le Roy, N. Y. 


Y-Valves and Angle Valves (in sizes to 6"), sofety valves, flush valves, plug 
cocks, are available in Lapp solid porcelain with TUFCLAD armor. Also pipe 
and fittings (to 8") and a variety of special shapes. 


PROCESS EQUIPMENT 


CHEMICAL PORCELAIN VALVES + PIPE + RASCHIG RINGS 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 
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©@ PHYSICAL PROPERTIES @ REDUCED FITTINGS @ DESIGN DATA 

®@ AVAILABLE SIZES @ PIPING ACCESSORIES @ INSTALLATION 

© TYPES OF CONNECTIONS @ HAND THREADING @ OPERATION 

®@ STANDARD FITTINGS AND SERRATING TOOLS @ ORDERING INFORMATION 


Here’s the “BOOK” on “Karbate” impervious graphite pipe and fittings — profusely illustrated . . . 
simply and fully covered under the subjects listed above. Add to your knowledge of this singular line 
of products which is rapidly becoming a preferred standard throughout the chemical processing, petro- 
chemical and petroleum industries. Send for your free copy of this 16 page CATALOG SECTION S-7000. 


The terms "Karbate” and “Eveready” are registered 
DOLLARS and SENSE... trade-marks of Union Carbide and Carbon Corporati 


to “Eveready” No. 1050 Industrial NATIONAL CARBON COMPANY 

light Batteries ...the cells that Divisic nion Carbide rbon Corporation 
deliver twice as much usable light as any a of U Ce end Ce 
battery we've ever made before. Theit 50 Gast Street, How 
unique construction prevents swelling or District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
jamming in the case . . . has no metal can New York, Pittsburgh, San Francisco 
to leak or corrode. IN CANADA: 

National Carbon Limited, Montreal, Toronto, Winnipeg 


oTHEeR NATIONAL CARBON propucts - 


HEAT EXCHANGERS + PUMPS + VALVES + PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS - 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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YOUR STAKE IN THE A.I.Ch.E. 


7. THE young engineer who faces the need for rounded --gpa clearer perspective and he learns to place the emphasis where 


rofessional development, and to the scasoned executive as 

well, active participation in the A.LCh.E. offers sound and 
continuing advantages 

The graduate chemical engineer has no difficulty at this time 
in securing satisfactory employment. Indeed, he will find today 
that he need not even leave his alma mater to find a suitable 
job. The concurrence of a huge industrial expansion and a 
diminishing supply of trained technical men has sent industrial 
personnel men to every campus in the nation searching out 
unpledged graduates 

Under these happy conditions the graduate may pick and choose 
among several employers. He may often choose the type of 
company, the kind of engineering work, and the section of the 
country which most appeal to him. He may accept or reject the 
likelihood of travel in connection with his work, and may even 
exercise some option in the matter of getting his Wands dirty. 

One factor or another will sway his choice, and this made, he 
settles down to new tasks with a will, confidently expecting glowing 
prospects to materialize. Frequently they don't. And right here 
there becomes evident a paradox—one which will never be resolved 
for the engineer who balks at the self-analysis required. The traits 
which earn superior grades and a degree cum laude at school 
may be those which, unmodified, limit his progress in industry. 
Without enumerating these, it can be said that during his entire 
scholastic career his paramount effort has been a striving for 
individual honors, without reference to the work of others. The 
progress of commercial enterprise, however, demands that the 
engineer pursue his work with constant awareness of the problems 
of his associates and the development of the entire project. Fre- 
quently he must subordinate his individual aspirations to the 
requirements of the job, and conceal his regret if any is felt. 

Progress in this necessary transition from self-emphasis to job- 
emphasis can be accelerated through membership in the American 
Institute of Chemical Engineers. Association with other engineers 
who are making the same adjustments cannot help but suggest 
new attitudes and more direct methods for making the transition 
complete. What better meeting place is there for the pursuit of 
this common purpose than at the local section, or at the regional 
and annual Institute meetings? Advancement in the profession 
certainly requires that an engineer keep abreast of developments 
in technology, especially so in the rapidly growing chemical 
industry. Here, too, the Institute's regular meetings take the 
engineer away from brief patrol actions far out on the left flank, 
directly into GHQ., where he may hear reports from staff officers 
about new plans and developments along the whole line of the 
chemical battle. The scope and value of his own duties then show 
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it belongs. 

So much for what may be called the pivotal benefits of mem 
bership. There are others which strict logic might call secondary 
but in no sense are they of lesser importance. The ability to 
write concise reports and letters on technical subjects, to speak 
effectively before group meetings, and even to conduct such 
meetings contribute significantly to one's individual advancement 
and enlist the favorable notice of one’s superiors. Attendance at 
the symposia presented at the Institute's meetings, the preparation 
of papers for presentation, and active work on its various com 
mittees offer a direct path to experience in these fields. 

Throughout the industry may be found chemical engineers who, 
aided by the experience of Institute membership, have moved 
beyond day-to-day concern with the problems of equipment and 
process design into positions of greater responsibility. Many are 
now sales managers, production managers, or research directors 
and some have become officers in the same companies where, not 
so many years ago, equipped with slide-rule, plaid jacket and 
crew cut, they set out to make a name for themselves. 

Those already executives will agree that one of their greatest 
challenges is to direct the skills and shape the attitudes of young 
engineers to the end that they become capable of assuming 
administrative responsibility. Membership by an executive engi 
neer in the A.L.Ch.E. accomplishes a great deal toward this end 
it exerts a powerful influence upon the younger engineers, whose 
emulative drive is at a peak, to join the Institute and the local 
section. In consequence, their participation in professional activi 
ties rapidly increases their value as employees, and as professional 
engineers in the ways already described 

Many of the symposia planned by the A.LCh.E. for the months 
ahead hold a real interest for the executive group, and will serve 
equally well as powerful aids in the daily tasks of management, 
and as preparation for the responsibilities to which our younger 
engineers aspire 

For example, a symposium to be presented at the Chicago 
meeting in September on the general theme “Distribution of 
Chemicals” will cover “Transportation,” “Packaging and Label- 
ling,” “Advertising,” and “Sales Channels.” The Cleveland annual 
meeting in December, 1952, will present a symposium on “Human 
Relations,” a subject whose pressing daily importance is self 
evident. “Effective Human Relations,” “Human Personality,” 
“Working Harmony,” and “Words—Instruments for Human 
Relations” will be some of the topics covered. These are as 
undeniably the working tools of executive personnel today just 
as surely as the slide-rule and nomograph were on the way up 
through the ranks. 

L. P. Scoviute 
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FOR TOUGH JOBS 
ARE MADE WITH 


One sure answer to tough gasketing prob- 
lems is the versatile corrosion - resistant 
TYGON family of plastic compounds. For, 
TYGON not only resists acids, alkalies, oils, 
greases, some solvents, and water — but, 
is strong, resilient, abrasion-resistant and 
light in weight. TYGON is also imperme- 
able, non-contaminating and non-oxidizing. 
TYGON can be used for virtually any 
gasketing job in chemical processing and 
general industrial equipment — wherever 
positive, endurimg seals or separators are 
required. For food and beverage uses, special 
non-toxic compounds are also available. 


For service as gasketing, TYGON is made 
in a number of standard compounds, trans- : 
lucent or glossy black, which offer a range aaenlieaine 

of physical, electrical, and chemical proper- TYGON GASKET — in service against 85% acetic acid, at 160°- 


175°F lasts over a year compared to a few weeks’ service from 
ties for almost any application. rubber. Photo courtesy Hoffman-LaRoche Inc. 


TYGON gaskets can be die-cut from calen- 
dered or press-polished sheets (;)y” to 2” 
thick); can be molded in practically any 
size or shape; or, can be extruded as tubing, 
solid cord, or channel in continuous lengths. 


Write today, for further information and 
technical assistance on the use of TYGON 
as gasketing. Ask also about the other uses 


of this versatile plastic that can help you 


. fully flexible, glass- long lasting. heavy quickly applied, fast 
combat corrosion. clear, mirror - smooth duty sheet TYGON drying protection 
for safe, speedy trans- to withstand virtually against corrosive 
mission of liquids, all chemicals. fumes and spillage. 
gases and semi-solids. 


S. STONEWARE 


AKRON 9, OHIO 
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CORROSION TESTING 


A Tool of Conservation 


E. G. HOLMBERG 


Alloy Steel Products Company, Linden, New Jersey 


UR purpose in conducting corrosion 

tests is twofold. First, we must 
cooperate with the defense effort by de- 
termining the proper alloys for our var- 
ious services, which will have optimum 
corrosion resistance and require mini- 
mum additions of strategically impor- 
tant metals. Second, from the standpoint 
of economics as well as conservation, we 
must continue our search for new alloys 
to provide materials more resistant than 
those currently available for certain of 
our chemical processes. 

As will be brought out, laboratory 
corrosion data, developed for various 
alloy compositions under specific solu- 
tion conditions, designed to parallel 
those of particular plant oper- 
ation, are frequently found unreliable. 
To venture an alloy recommendation 
for a plant service which approximates 
the conditions in another plant where 
certain materials are being successfully 
used, can also be disastrous. This is 
particularly true when only limited in- 
formation is available for the effect on 
solution corrosiveness of such variables 
as concentration, temperature, velocity, 
pressure, and the presence of small 
amounts of impurities 

The sources in descending order of 
reliability from which data can be ob 
tained (in the absence of directly applic- 
able experience) for making alloy 
recommendations for a particular pro 
duction unit solution and operating 
conditions, can be tabulated as follows : 


1. Corrosion tests conducted within ves 
sels or solution lines of a full-scale 
operating unit. 
Corrosion tests conducted within a 
pilot plant built to study the process 
characteristics 
3. Laboratory corrosion tests conducted 
in synthetic solutions and in equip 
ment designed to reproduce or ap- 
proximate conditions that will be en 
countered within a full-scale unit 
4. Corrosion test data available for ma- 
terials used to handle solutions of a 
similar or preferably identical com- 
position, at pressure, temperature and 
velocity conditions comparable with 
those that will exist within the new 
unit. 
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Obviously, if a chemical process is en- 
tirely new, representing an improvement 
over some previously employed process, 
or is designed to make an entirely new 
product, one of the last three methods 
designated must be employed for selec- 
tion of the proper materials of con- 
struction. 

When it is necessary to select alloys 
for the construction of a new operation 
by one of these three last methods, ex 
perience has indicated that corrosion 
tests should be conducted after the plant 
starts producing, to determine the ac 
curacy of the alloy selections and also to 
evaluate other less expensive alloys. 
Frequently when first starting a new 
unit there is a period during which oper- 
ating “bugs” must be worked out. Un- 
less it is desirable to obtain data for the 
metal loss suffered’ by the equipment 
during this period, corrosion testing 
should be delayed until smooth unit 
operation has been achieved. 

Many units constructed some ten or 
more years ago and still in operation 
today used special alloys then thought 
to suit the operating conditions. Unless 
premature failure occurred the plant 
oftentimes continued to use the origin 
ally specified alloys. 

We now are learning by check testing 
in the plant, that the cost of mainten 
ance can be reduced by the use of more 
satisfactory, less expensive and less 
highly alloyed materials. Some of these 
were available at the time the plant was 
constructed; others have been developed 
in recent years as the industry gained 
experience with the particular solution 
condition. 

A well-planned corrosion-testing pro- 
gram is now recognized by manufac- 
turers of chemical products, involving 
the use of corrosive solutions as essen- 
tial to meeting their competition because 
of the large part maintenance can play 
in determining their product cost. These 
programs, however, are limited in their 
ability always to find the most desirable 
material for some corrosive conditions 
by the availability of materials being 
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produced commercially. Materials which 
have the ultimate properties for a speci- 
fied set of conditions are those that can 
be fabricated readily and economically, 
that have a corrosion resistance which 
will insure several years of freedom 
from equipment failure or inefficient 
operation because of metal loss or prod- 
uct contamination, and that also will 
not fail mechanically because of physical 
properties limitations. It must be con- 
ceded, however, there are process units 
operating with equipment constructed 
of materials which do not satisfy these 
requirements, but that do represent the 
most economical selections available. 

In an effort to produce better alloys 
for these applications and also to pernmnt 
studying the effect of varying the per- 
centage of alloy additions on corrosion 
resistance, there is need for research 
programs which will require producers 
and consumers to function as a team in 
the production and testing of new alloys 
under plant process conditions The 
accumulated data from such a program 
would serve to enrich our knowledge of 
the effect of certain alloy modifications 
on corrosion resistance to various media 
and could be expected also to indicate 
new alloy compositions that would have 
a broader range of application than 
materials now commercially produced. 

The corrosion data to be presented 
typify the progress that has been 
made in determining the proper alloy 
composition for some applications. They 
also emphasize, because of minor 
variations in solution compositions, the 
hazard of making an alloy recommenda 
tion for a particular set of solution con- 
ditions based on data or experience for 
an approximately similar set of solution 
conditions. 

Great care must be used in planning 
the tests, particularly with respect to 
the method of securing the specimens 
in the corrosive environment Corrosion 
test racks of special design are tre- 
quently necessary. One such assembly, 
which was used to obtain the data pre- 
sented in this article, is shown in Fig- 
ure 1. As is indicated, this design test 


E.G. HOLMBERG 
was graduated from 
the Colorado School 
of Mines with an 
E.M. degree in 
1932. The three 
years following 
graduation were 
spent teaching engi- 
neering subjects. In 
July, 1935, he ac- 
cepted a position 
with the Du Pont 
Co. as metallurgist 
at its Belle (W. Va.) 
plant. In August, 
1946, he became chief metallurgist for 
Alloy Steel Products Co., Linden, N. J., 
the position he now holds. 
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Test Rad aed Botts Fabry ated 
From Material Keown to Have 
Sultic eat Remstan tor 
Deratioe Test 


Standard Specimen 


by 3/16" 
Teflon 


Fig. 1. Corrosion test rod 


rack is secured within 
means of a ring at one end, bolted be- 


a pipe line by 


tween the raised faces of standard pipe 
flanges. The bolting, supporting rod, 
and end ring are of an alloy which from 
available data or previous experience 
os indicate a satisfactory life under 
the for 
Pthe duration of the test. 


particular exposure conditions 


ALovco 20 


assembly. 


A test period of approximately 60 
days usually is recommended. Shorter 
test periods are recommended when it 
is known that exposure conditions will 
be particularly severe on commercially 
available materials suitable for the con- 
struction of this assembly. To eliminate 
the possibility that attack on some speci- 
mens may be accelerated by galvanic 


0.5% = 1.% SULPHURIC. 
ACID PLUS SMALL 
AMOUNTS AMMON | UM 
SULPHATE - 


TEMPERATURE: 190° - 210° F. 
EXPOSURE Days 


Fig. 2. 
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behavior, Teflon washers and sleeves are 
employed to insulate specimens from the 
bolting and supporting rod. 

This method of exposing specimens 
of various alloys to a specific set of 
process solution conditions will provide 
information for general corrosion and 
also susceptibility to intergranular, pit- 
ting, and solution-cell types of attack. 
The tendency for a solution to cause 
alloy embrittlement can be roughly de- 
termined by performing a bend test on 
the specimens after all other data have 
been obtained. When it is desired to 
determine the susceptibility of alloys to 
stress corrosion cracking and crevice 
corrosion, special test specimens should 
be used which will tend to promote these 
forms of failure. It will permit also 
visual examination of coatings, heavier 
than the film type, to determine their 
suitability as a protective layer to the 
underlying metal. 

To permit studying the effect of alloy 
additions on corrosion resistance, nom- 
inal per cent composition data are shown 
in Table 1 for the various alloys which 
appear in subsequent tables presenting 
corrosion information. These data have 
been tabulated in three groups as: 
Stainless Alloys, Non-Ferrous Alloys 
and Special High Alloys. 


Stainless Type 316 is well known for its 
ability to resist the corrosiveness of many 
solutions of varying composition at atmos- 
pheric and elevated temperatures required 
im the production of chemical, petroleum, 
and pharmaceutical products. Aloyco 31 is 
an alloy that has been known under various 
designations for many years. Its production 
has been confined principally to cast parts 
required for special applications where 
other similar alloys have an unsatisfactory 
resistance. In accordance with existing 
government regulations this alloy would be 
classified as a stainless steel. As govern- 
ment regulation M-81 limits the addition of 
molybdenum in stainless type steels to 
250% maximum, permission must be ob- 
tained for the production of equipment or 
parts in this composition. Aloyco 329 has 
received little attention in the cast form, 
principaily because of limitations in me- 
chanical properties. It has been produced to 
a limited degree in the wrought form and is 
probably best known under the trade name 
Carpenter No. 7 MO. This alloy is cur- 
rently of interest, as information to be de 
veloped may indicate it can be substituted 
for alloys containing higher percentages ot 
strategically important nickel and molyb- 
denum. 

Admiralty metal (inhibited grade) was 
included for test under the conditions tabu- 
lated in Table 2, as it was desired to take 
advantage of the good heat-transfer prop- 
erty of this alloy. Ampco 18, an aluminum 
bronze produced by Ampco Metal Inc., is 
well known for its resistance to many cor- 
rosive media. Chemical lead has been 
widely used for handling hot sulfuric acid 
solutions below 50% concentration. It is 
frequently included when tests are con- 
ducted in solutions of this acid to obtain 
comparative data which will permit evaluat- 
ing the suitability of other alloys tested. 
Monel metal has been outstanding in its 
ability to resist the corrosive attack of 
many nonoxidizing acids and alkalies. 
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Solution Components 


TABLE 2.—CORROSION TEST DATA 


Solution Per Cent Composition 


Solution number I Il IV 
(a) Acetic Acid ........ _— : 45-50 45-50 45.50 33 
(b) Methyl Formate, Acetaldehyde, Methyl! 
Acetate, Ethyl Acetate Acetone, 5 15 
Methyl! Alcohol 
(ce) Formic Acid 2 2 46 15 
(d) Methyl Acetate 1 
Temperature * F 223 223 223 270 
Exposure hours 2 3,148 2,544 5,902 
Corrosion Data 
Penetration Penetration Penetration Penetration 
Spec. No Alloy in./yr. in./yr in./yr. in./yr. 
1 Aloyeo 316 0.036 0.012 0.054 0.000 
2 Aleveo 31 0.0060 0.000 0.007 0.000 
3 Admiralty es 0.015 0.025 0.000 Completely 
Corroded 
4 Hastelloy C _ ed 0.003 0.005 0.005 0.002 


Aloyco 20 is a special composition devel- 
oped a number of years ago for handling 
principally sulfuric acid. It has since been 
found a much-needed alloy for handling 
other corrosive environments. Aloyco 35 
and 37 are two new compositions which, 
data developed would indicate, have a re- 
sistance to some solution conditions superior 
to alloys such as Aloyco 20 and Worthite 
Worthite is being produced by the Worth- 
ington Pump and Machinery Corp. in 
equipment required to handle many cor 
rosive solutions, principally sulfuric acid 
Hastelloy alloys produced by the Haynes 
Stellite Co. have been industrially impor- 
tant because of their superior resistance to 
process solutions which are extremely cor- 
rosive to other commercially available al- 


loys. Hastelloy B and C are outstanding 
for their resistance to solutions containing 


chlorides or hydrochloric acid. Hastelloy By 


C, and D will resist satisfactorily hot inter4 
mediate sulfuric acid concentrations which 
are corrosive to other alloys. 

Data presented in Table 2 show both 
the effect on corrosiveness of minof 
changes in solution composition and also 
of relatively minor modifications in alloy 
compositions. It will be observed the 
Aloyco 31 composition with only slightly 
more chromium and molybdenum than 
Aloyco 316 had a satisfactory resistance 
to all four solutions, while the Aloyco 


SOLUTION: SATURATED AMMONIUM 
SULPHATE 


PLUS 2% 
SULPHURIC ACID. 
TEMPERATURE: 170 -190° F. ] 


EXPOSURE TIME: %5 DAYS. 


Fig. 3. 
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316 composition had a satisfactory re- 
sistance to conditions of the fourth solu- 
tion only. The much more highly alloyed 
Hastelloy C, although quite resistant to 
all exposures, did not have as good a 
resistance as Aloyco 31 to three of the 
conditions. 

Data in Table 3 serve to emphasize 
the importance of having information 
which shows the effect on corrosion of 
various compounds present in a solution 
and, when these data are not available, 
the value of conducting tests to obtain 
such information. Laboratory data for 
exposure No. 1 were developed using a 
C.P. grade of concentrated sulfuric acid 
diluted to the proper concentration with 
distilled water. Data for exposure No. 2 
were obtained by exposing an orifice- 
type corrosion test rod (Fig. 1) within 
a plant process unit solution line. Com 
parison of these data would indicate that 
ihe organic fatty acids present inhibited 


TABLE 4.- 


Solution 
10-20% 


110% 
Temperature 212° F. Maz. 
Exposure Hours 


Pentration 
in./yr 


0244 


Alloy 


Aloyeo 304 


TABLE 3.—CORROSION TEST DATA 
Solution 
Laboratory Test 


10% Sulfuric 
seration. No 


Acid, no impurities 
agitation ) 


Plant Test 


10% Sulfuric 
fatty acids. 


Acid, plus 10% organic 


Temperature 


Exposure Hours 


(1) 240 (Five 48-hr. exposures. New solu 
tion after each exposure.) 


2) 672 (Continuous) Penetration 
Penetration Yr 


Exposure Exposure 
No No. 2 
(Laboratory 

Alloy Test) 
316 
20 0.035 
35 ° 0.076 
y B 0.002 
0.050 
0.015 


Stainless 
Aloyco 
Aloyco 
Hastelle 
Hastelloy 
Monel 


0.150 


0.006 


CORROSION TEST DATA 
+ Nicotine Sulfate 


Nicotine 
Sulfuric Acid 


Specimen surface covered with heavy friable coating 


Metal surface beneath coating heavily etchec 


Aloyeo 316 0.002 Same 


as No. 1, 


except specimen surface only lightly 


etched. 


Aloyco 20 0.000 


Specimen surface bright and clean with no evidence of 


attack. 


Worthite 0.000 


Same as 


No. 1, except metal surface beneath coating 


just tarnished. 


0.003 


Aloyeo 31 


@e solution attack on some alloys. This, 
i€ will be observed, was appreciable for 
Aloyco 35 and Monel. As Aloyco 35 
@ust be considered an experimental 
alloy, principally because wrought prod- 
ucts are not available, Monel was se- 
lected as the most economical alloy for 
handling the plant solution of this 
exposure, 

Data presented in Table 4 are not only 
of value in that they provide information 
which will permit selecting alloys having 
a satisfactory corrosion resistance, but 
also because they show that, under some 
conditions, an alloy can be found which 
has and 
also will repel the formation of heavy 
porous 


excellent corrosion resistance 
coatings 

These coatings are objectionable be 
they could form a solution cell 
which would result in accelerated cor- 
rosion of the underlying metal. They are 
also particularly undesirable in equip- 
ment which can operate efficiently only 
when established clearances of moving 
parts in contact with the solution can be 
maintained. Aloyeco 20, it will be ob- 


cause 
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Same as No. 2 


served, 
the 
mained 


was the only alloy exposed to 
Table 4 which 
and clean during 


conditions of re- 


bright the 


exposure, 


TABLE 5.—CORROSION TEST DATA 


Solution 


(a) 05-1% plus small amounts 


plus unknown contaminant 


(b) Saturated plus 2% HeSO« 


Temperature 


190°-210° F 
170°-190° F. 


(a) 
(b) 
Exposure Hours 


1.080 
1,080 


(a) 
(b) 


(a) (b) 


Penetration Penetration 
Alloy in./yr in./yr 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.019 


Aloyco 20 
Aloyeo 35 
Aloyco 37 
Worthite 
Aloyeo 316 
Aloyeo 31 
Aloyeo 329 
Hastelloy B 


0.007 
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Data for two plant tests tabulated 
in Table 5, also show the effect of 
both solution composition and alloy 
composition on corrosion rate. Solution 
(a) a water solution containing a small 
amount of both sulfuric acid and am- 
monium sulfate, also had present a small 
percentage of a constituent which for 
security reasons could not be made 
known. Solution (b) although composed 
of a slightly higher percentage of sul- 
furic acid and saturated with ammonium 
sulfate did not have any of the unknown 
constituent present. 

Without additional solution composi- 
tion information, it would be reasonable 
to assume that solution (b) would be 
more corrosive than solution (a). The 
data obtained however showed the re- 
verse to be true and it therefore appears 
reasonable to assume that the undis- 
closed percentage of the unknown con- 
taminant was responsible for this con- 
dition. 

Corrosion rates tabulated for the var- 
ious alloys exposed to solution (a) also 
clearly show the effect of alloy composi- 
tion or balance on corrosion resistance. 
Aloyco 35 which has a few per cent less 
total alloy addition than Aloyco 20 was 
found totally resistant to the solution 
conditions. An increase in the percen- 
tage of silicon in this alloy, however, 
to 3% (Aloyco 37) resulted in com- 
pletely destroying its good resistance. 
Aloyco 31, which is a slightly richer 
alloy with respect to chromium and 
molybdenum than Aloyco 316, was also 
found to have a good resistance to solu- 
tion (a). Hastelloy B was the next 
alloy in order of best resistance and 
represents the only commercial alloy 
included in this test that approached 
showing a satisfactory resistance. As 
Hastelloy B is best known for its resis- 
tance to solutions which are reducing in 
character, the corrosion rates computed 
would indicate that solution (a) was 
somewhat reducing and solution (b) 
oxidizing. This, it will be noted, was 
also indicated by the rates computed for 
the other alloys exposed. 

Figures 2 and 3 are photographs 
showing the surface conditions of speci- 
mens, alter exposure 
Table 5. 

Data presented in these tables serve to 
show the importance of conducting cor- 
rosion tests to determine the most eco- 
nomical alloy for handling corrosive 
process solutions. They also show the 
need for research which will lead to 
the production of new alloys that will 
have better resistance and broader ap- 
plication than materials now available 
commercially. Obviously such new al- 
loys will help materially in conserving 
metals which, because of the present de- 
mand, are in short supply. 


; data are given in 


August, 1952 


(1) 220° F. 
(2) 212° F. 
— 2 
- 
4 
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Spec. 
No. 


In the current chemical revoluticn, logistics shows competitive organizations all trying to move supplies into 
the battle area of markets. . . . Aromatics are not chronically in short supply in the U. S.—but within 
recent years the demands have made aromatics difficult to obtain. . . . Consequently much of our 
chemical planning has been designed to develop new supply lines. . . . Recently Carbide and Carbon 
Chemicals Co. announced coal hydrogenation process as one method. . . . Here the petroleum route to 
aromatics is told by an engineer in a position to know the complete story. . . . The answer to supply 
will be made on economic considerations solely, but the chemical industry is in for an interesting time in 
the next few decades as aromatics from coal battle it out with aromatics from petroleum. . . . 


Oronite Chemical Company, New York 


HE history of the aromatic hydro- 

carbon chemicals industry in the 
United States antedates World War | 
when aromatics such as benzene, toluene, 
and xylene were recovered as by-prod- 
ucts of the coal-tar industry and the 
principal field of consumption was in the 
manufacture of dyes for the textile in- 
dustry. As early as 1900, some crude 
naphthalene was recovered from crude 
coal tar. 
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However, it was not until the outbreak 
of World War I, when our supplies of 
dyestuff and fine organic chemicals from 
Germany were cut off, that the United 
States began to produce sizable quan- 
tities of aromatics. From 1915 to 1918, 
production of coal-tar light oil, from 
which aromatics are recovered, increased 
from 20 to 65 million gallons per year. 
However, even this enormous expansion 
could not satisfy the demand for toluene 
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required for the explosive trinitrotol 
uene. In addition to stripping toluene 
from illuminating gas, commercial pro 
duction of toluene from petroleum by 
the thermal decomposition of the non- 
aromatic components of toluene-contain- 
ing virgin naphthas was undertaken. 
After World War I, production of 
toluene, which had been used almost 
exclusively for TNT manufacture, 
dropped almost to nothing and since 
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production from petroleum proved to be 
uneconomic compared with  coal-tar 
toluene, the practice was discontinued. 


Importance of Coal Tar. In 
period between wars, the aromatic hy- 
drocarbon chemical industry reverted to 
coal tar as the principal raw material 
and no significant commercial production 
of pure aromatics from petroleum was 
evident. The in demand 
tured a steady growth which essentially 
disregarded the 
cycle and continued throughout the years 
up to World War IL. In all this period, 
there was never a real shortage of the 
major retined products from coal-tar 
sources due to the fact that from 5 to 
15 million gallons per year of aromatic 
hydrocarbon concentrates were supplied 
by the petroleum industry. These con 

mcentrates were made mostly by solvent 
@xtraction, although one plant did use 
the so-called hydrogenation process. The 
Basic aromatic hydrocarbons, benzene, 
tluene, xylene, and naphthalene, were, 
until 1940, generally in ample supply. 

§ late as the year just mentioned, only 

Bout 40 million gallons of refined ben- 
z@ne were recovered from an estimated 
potential from coal tar of 135 million 

lions, with the remainder utilized in 

artially refined state to mix with gaso- 

e for motor fuel. Toluene 

Mluction, with a potential supply of 

proximately 35 million gallons from 

1 tar reached only 20 million gallons 

1939 and was used principally as a 
vent rather than for chemical manu- 
fatture. Xylene production reached only 
SFrillion gallons by 1940, all from coal 
tak, a solvent and in 
ga@oline blends. Naphthalene production, 
with a potential of around 350 million 
per vear 
million pounds in 1940 
ok fore World War II, therefore, there 
little incentive or need for the 
commercial production of these aro- 
matics from petroleum since abundant 
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Fig. 1. Principal reactions for aromatics pr 
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supplies at a relatively low price were 
available from the coal-tar chemical in- 
dustry. However, a great deal of devel- 
opment work on aromatics from petrol- 
eum was carried out in the United States 
during these twenty years of compara- 
tive peace. Of greatest importance were 
the discovery and development of the 
hydroforming process, which was devel- 
oped primarily for the improvement of 
octane in motor fuels. 

At the start of World War II, the 
demand for toluene for use in TNT 
again greatly exceeded the supply avail- 
able from coke-oven sources, and the 
hydroferming process was projected im- 
mediately into plants to produce toluene. 
Since the hydroforming process is basic 
to the petroleum industry's current posi- 
tion as an important supplier of aroma- 
tic chemicals, a rather detailed descrip 
tion of this process is pertinent to this 
discussion. 


Hydroforming Process. This 
ess consists of the high temperature and 
pressure catalytic treatment of naphthas 
in the presence of hydrogen to dehydro- 
genate cyclohexane, methylcyclohexane, 
dimethyleyclohexane, etc., to the corre- 
sponding benzene derivatives. Depend- 
ing upon the composition of naphtha cut, 
benzene, toluene, or xylene can be pro- 
duced according to the principal reac- 
tions shown in Fig. 1. 

Although these reactions represent the 
principal mechanism for aromatics tor- 
mation by hydroforming, a number of 
stated to take 


proc- 


side reactions also are 


place as follows: 

1. Aromatization of paraffins, for ex- 
ample, conversion of normal heptane 
to toluene. 

Isomerization of naphthenes or paraf- 
fins. 

Various thermal decompositions. 
Alkylation and condensation reactions 
to form small quantities of high boil- 
ing material. 
Decomposition of 
compounds 
Hydrogenation of olefins 


sulfur-containing 


=53,190 Cat. (ot 


rah, 


Cel. (ot 


from hy 


ducti 


ing process. 
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Hydroforming is a cyclic operation 
requiring periodic regeneration of the 
catalyst by oxidation to remove the car- 
bon produced in the reaction and de- 
posited on the catalyst as coke and to 
balance heat requirement. The cyclic 
nature of hydroforming is a definite limi- 
tation of the process compared to the 
new catalytic reforming processes devel- 
oped since the war. 

Since the absence of olefins reduces 
coke formation, the immediate conver- 
olefins to the corresponding 
paraffin due to the high partial pressure 
of hydrogen, permits the process to be 
operated on stream for several hours— 
depending upon plant design and operat- 
ing conditions—before catalyst regener- 
ation. 

The hydroformer uses a coprecipitated 
molybdena-alumina dehydrogenation ca- 
talyst having a useful life of from one 
to more than two years. 

Since the main reaction is highly en- 
dothermic, two or more reactors are gen- 


sion of 


erally used in series in order to intro- 
duce the required amount of heat at the 
proper temperature level. Although the 
reaction can be carried out at pressures 
varyirg from 3 to 25 atm., the usual 
operating pressure is about 15 atm., and 
the partial pressure of hydrogen from 
40 to 900. The usual temperature range 
is 9O0-1000° F. 

Although all the hydrogen is obtained 
from the gases liberated in the process, 
it is important to note that hydroform- 
ing represents a dehydrogenation proc- 
ess in the presence of excess hydrogen 
over that produced in the dehydrogena- 
tion reaction. This excess is provided by 
a recycle of the hydrogen-rich light gas 
(about 70% produced in the 
process. 


Hydroforming and Toluene. A\l- 
though, as just mentioned, the hydro- 
forming process was developed primarily 
to improve readily be 
seen that, by careful selection of 
stock and minor changes in operating 
conditions, this process can be directed 
toward the production of benzene, tol- 
uene, or xylene. toluene 
critical product during World War II, 
ten hydroforming plants were built to 
produce toluene. Steps involved in the 
production of toluene by hydroforming 
were generally about as follows: 


octane, it can 


feed- 


Since was a 


1. Preparation of a 200-250° F. boiling- 
range naphtha from a highly naph- 
thenic crude. This cut should contain 
the maximum content of methyleyclo- 
hexane and toluene. In actual practice, 
the crude naphtha cut points at the 
primary distillation units were usually 
adjusted for the recovery of about 90- 
95% of the methyleyclohexane in the 
crude. 

Hydroforming this cut to give maxi- 
mum toluene yield—For the maximum 
production of toluene, the hydroformer 
is operated at a pressure of 10 atm. 
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and a temperature of about 950° F. 
From a highly naphthenic 200-250° F. 
virgin naphtha which contained 33.6 
vol. % methyleyclohexane and 0% 
toluene, yields of 28 vol. % based on 
feed were realized during the war. 

3. Preparation of a “heart cut” from 
this “hydroformate” after preliminary 
stabilization. This is accomplished by 
distillation in two columns or if, in 
addition to the heart cut, a normal 
heptane stream is produced, three 
columns are used. In some operations 
an additional 200° F. end point light 
aviation cut ts also produced requiring 
a fourth column. The heavy aromati 
product is usually rerun to recover 
xylenes 

4. The isolation of pure toluene from 
this heart cut. This concentration can 
be accomplished in a number of ways, 
such as the azeotropic distillation with 
methyl ethyl ketone—water azeotrope, 
solvent extraction with liquid sulfur 
dioxide, or phenol extractive distilla- 
tion. Extraction of toluene with liquid 
sulfur dioxide results in an extract 
phase containing 65-70% aromatics. 
Additional purification of this extract 
is needed for nitration grade toluene. 

A method of obtaining nitration grade 
toluene without using these special dis- 
tillation methods was used successfully 
by the Standard Oil Company of Cali- 
fornia during the last war by utilizing 
the hydroforming process to destroy all 
nonaromatic hydrocarbons boiling close 
to toluene. A 180-230° F. boiling point 
fraction of California crude, selected to 
include the dimethyl pentanes at the 
lower ends but to exclude large concen- 
trations of nonaromatics boiling near 
toluene at the upper end, was charged 
to the hydroformer operating at a pres- 
sure of 13 atm. and a_ temperature 
around 1000° F. The product was 
separated into a fraction boiling from 
180-220° F., which was recycled with 
fresh feed, and a fraction boiling from 
220° F. to 230° F. containing 90° tol 
uene. This second fraction was repassed 
over the catalyst to increase the toluene 
concentration from 90% to 999%. After 
repassing, the product was topped, acid- 
treated and rerun to produce nitration 
grade toluene. 

In addition to that supplied by the 
hydroforming process, appreciable quan- 
tities of toluene were produced by the 
Shell Oil Co. with its own two-stage 
process. In the first stage, dimethylcy- 
clopentane was catalytically isomerized 
to methylcyclohexane thereby increasing 
the volume of material susceptible to 
dehydrogenation. In the second stage the 
isomerization product, plus additional 
methylcyclohexane, was catalytically de- 
hydrogenated to toluene. 

The hydroforming process also en- 
abled the petroleum industry to provide 
the large quantities of xylenes required 
for octane improvement of aviation gaso- 
line during the last war. In 1945 some 
46 million gallons of xylenes were re- 
ported as produced from petroleum (vs. 
10 million from coal tar) even though 
the major portion of the xylenes pro- 
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duced were consumed as a constituent of 
gasoline and would not show up in the 
statistics. 

As just mentioned, xylenes are also 
produced when operating the hydro- 
former for maximum toluene production. 
However, by selection of a narrow cut 
of Cy naphthenes as feedstock, the hy- 
droformer can be operated to produce 
primarily o-, m-, and p-xylenes and ethyl 
benzene. For this operation a virgin 
naphthenic fraction with a boiling range 
of 230-260° F. is charged to the hydro 
former at 900-1000° F. under pressures 
ranging from 3 to 25 atm. The product 
contains a mixture of ethyl benzene and 
the three xylenes at relatively high 
concentrations. 

Toluene and Xylene from Pe- 
troleum. Although benzene require- 
ments during World War II increased 
rapidly (from 140 million gallons in 
1940 to 210 million gallons in 1944), be 
cause of increased demand for phenol 
and styrene for synthetic rubber, the 
supply did not become as critical as in 
the case of toluene. For this reason, and 
also because of the high cost of synthetic 
benzene, the commercial development of 
benzene from petroleum (i.c., from the 
hydrofermers) did not approach that of 
toluene.’ 

Naphthalene production, all from coal 
tar sources, was approximately doubled 
from 1940 to 1943 in order to supply 
the increased demands for the manufac- 
ture of phthalic anhydride and _ beta- 
naphthol. 

Summarizing developments during the 
late war, this period saw the first large- 
scale production of toluene and xylene 
from petroleum but no significant pro- 
duction of benzene or naphthalene from 
petroleum. 

With the end of hostilities, the hydro- 
forming plants reverted to their ex- 
pected peacetime function of supplying 
gasoline. As expected, the demand for 
toluene dropped sharply, relieving the 
need for hydroformers in this use. Ben- 
zene demand, however, continued to rise 
as deferred peacetime demand more than 
made up for the drop in use in synthetic 
rubber. The rapid growth of the plastics 
industry requiring increased quantities 
of phenol and polystyrene, plus the phe- 
nomenal growth of the synthetic deter- 
gent industry, soon brought about a 
shortage of benzene, even though steel 
operations continued throughout the 
postwar period at an unusually high 
level. The extent of this shortage, which 
has been increased by the demands of 
the mobilization economy, is illustrated 
by the forecasted requirements, estimated 
by representatives of the benzene-con- 
suming industries in the United States. 
These estimates which have been made 
for both a mobilization and normal 
economy are shown in millions of gal- 
lons. (See Table 1.) 
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TABLE 1—ESTIMATED REQUIRE- 
MENTS OF BENZENE 


Year Mobilization Normal 
1951 252 222 
1952 307 243 
1953 338 262 
1954 379 289 
1955 411 315 


Since the current coke-oven benzene 
production rate of 180 million gallons 
per year is close to the estimated maxi- 
mum potential of 190 million gallons per 
year, and the imports of 55-60 million 
gallons per year are considered the 
maximum available, it is apparent that 
a new source of supply—petroleum—is 
needed to meet the incremental demands, 

At present benzene is being derived 
from petroleum by adaptations of the 
processes which were used successfully 
during the late war for toluene manu- 
facture and in the postwar period for 
upgrading aviation gasoline Benzene 
production from these sources, during 
1951, is estimated to be about 20 million 
gallons Operation tor benzene produc- 
tion using the hydroferming process is 
similar to that described earlier for tol- 
uene but charging a narrow cut naph- 
thenic fraction contaming maximum 
cyclohexane as feedstock. Similarly, it 
is reported that Shell is now using its 
two-stage isomerization and dehydrogen- 
ation process, which produced toluene 
during World War Il, for benzene 
production, In the current operation, 
methyleyclopentane derived from na 
tural or straight-run gasoline is cata- 
lytically isomerized to cyclohexane in 
the first st: ge The isomerization prod- 
uct plus additional cyclohexanes are then 
dehydrogenated over a second catalyst 
to benzene in the second stage 


Platforming Process, Recently, new 
catalytic-reforming processes which per- 
mit production of aromatics or high 
octane gasoline at high vields in a con- 
tinuous operation requiring no regenera- 
tion, or infrequent regeneration if oper- 
ated at severe conditions, have been de- 
veloped and are assuming the major 
position in the production of aromatics 
trom petroleum. One of these processes, 
called Platforming, has been accepted by 
most of the industry to meet the need 
for additional aromatics, especially ben- 
zene. Platforming, developed by Uni- 
versal Oil Products Co., was first used 
commercially in 1949 for upgrading 
gasoline. The process uses a catalyst 
containing platinum and is essentially 
continuous, since periodic regeneration 
of the catalyst is not necessary. An ad- 
vantage of the Platforming process is 
that it has been found suitable for the 
conversion of C, ring naphthenes, by 
isomerization, as well as Cg ring naph- 
thenes, to benzene. Moreover, during the 
formation of benzene, the paraffinic con- 
stituents undergo isomerization. The 
high extent of branching in the product 


Page 383 


ij 

i 
<4 a 

| 


makes the residual paraffinic material 
valuable from a motor fuel standpoint. 
The comparative ease with which the 
process can be switched to either aro- 
matics or motor fuels by modification of 
feedstock and operating conditions is 
also an important factor in the economics 
of the Plattorming process. 

Production of benzene by Platforming 
is accomplished by charging a fraction, 
from a highly naphthenic crude, contain- 
ing large percentages of methylcyclo- 
pentane and cyclohexane. The feed is 
passed through reactors, usually four in 
series, filled with a supported platinum- 
base catalyst in the form of %-in. pellets. 
The principal reaction is dehydrogena- 
tion, and the yield of benzene from Cg 
naphthenes in a single pass is 80% of 
the theoretical and may be increased by 
recycling. Natural benzene present in 
the feed (normally 1-9% in a typical 
140-185° F. fraction) through 
the reactors unchanged. Reactor tem- 
peratures of about 900° F. and pressures 
around 250 Ibs./sq.in. are maintained. 
Following the dehydrogenation section, 
the aromatic rich stream is charged to a 
stabilizer, then to a separator to remove 

; paraffins, and finally to the fractiona- 
tion section to recover benzene, toluene, 
and xylene. The paraffins removed in 


passes 


he conditions used for benzene 
tion 


produc- 
important 
stituents of high octane motor fuel. 


and are therefore con- 
Plat- 


formers either in operation, under con- 


\t present there are twenty-one 


i separator have been isomerized under 


How- 
being de- 


pstruction, or in the planning stage 
fever, of these 
Bigned and constructed to recover aro- 
Muiatics for chemical use. When in oper- 
[tion in mid-1953, these plants alone will 
produce about 55 million gallons of ben- 
Bene per year. However, in evaluating 
the potential supply situation regarding 
benzene—toluene and xylene too—the 
Bexibility of the Platforming process 
must be recognized. This flexibility 
makes all twenty-one Platformers poten- 
tial aromatics producers. 


only six are 


Platinum Catalyst. Although the 
majority of new production of benzene 
and other aromatics from petroleum will 
utilize the Platforming process, there 
are at least two other processes, aside 
from hydroforming, which will also be 
used. These processes are 
catalytic 


based also on 
of naphthene frac- 
tions devel ped by At- 
lantic Refining Co., is similar to the 
Platforming and uses a new 
platinum catalyst developed by Atlantic 
and manufactured by Davison Chemical 
Co. Atlantic has announced plans to 
construct a plant at Philadelphia to pro- 
duce seven million gallons per year of 
benzene using this process. 


relormir 
One of 


these, 


process 


Houdriforming. Another process re- 
cently announced is Houdriforming, 
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developed by Houdry Process Co. Hou- 
driforming is a continuous catalytic 
reforming process which reportedly 
produces good yields of benzene, toluene 
or xylenes from close-cut naphtha frac- 
tions. It is claimed that conversions of 
naphthenes to aromatics up to 95% of 
equilibrium are obtained with this 
process. A Houdriformer is being con- 
structed by the Sun Oil Co. to produce 
thirteen million gallons per 
benzene. 

Although not specifically designed for 
benzene production, the three new units 
planned by Socony-Vacuum using its 
own TCR (Thermofor Catalytic Re- 
forming) process are also potential pro- 
ducers of benzene. 

A tally of the expected production of 
benzene from petroleum by all methods 
indicates that about 100 million gallons 
per year will be available from this 
source by the end of 1953. Assuming 
that coke-oven benzene will operate near 
its estimated capacity of 190 million gal- 
lons per year and imports will continue 
at the high rate of about 55 million gal- 
lons, the additional benzene from petro- 
leum will give a supply rate of approxi- 
mately 345 million gallons by the end 
of 1953. Since mobilization require- 
ments for the year 1953 are estimated 
at 338 million gallons per year, there 
would appear to be a reasonably close 
balance between supply and demand for 
that year provided there are no serious 
construction delays in the new benzene 
plants. 

The demand for toluene in the 
States is closely related to the defense 
effort, particularly TNT and aviation 
fuel. Relatively little progress has been 
made in the development of chemical 
derivatives of toluene. A possible ex- 
ception is the use of vinyl toluene as a 
substitute for styrene both in synthetic 
rubber and in paints and varnishes. Al- 
though experimental commercial manu- 
facture of synthetic rubber based on 
vinyl toluene has been started by Good- 
year, and is reported to be satisfactory, 
the requirements for toluene are ex- 
pected to be small compared with the 
quantities potentially recoverable from 
these new catalytic reforming units and 
hydroformers. It is expected that most 
of the toluene produced will continue to 
be used for blending into aviation fuels. 

Although a large part of the increased 
quantities of C, aromatics available from 
these new plants will, like toluene, be 
consumed in gasoline blends, the outlook 
for increased consumption of the xylenes 
as chemical intermediates is considerably 
more promising than in the case of 
toluene. Phthalic anhydride, which was 
once produced exclusively from naph- 
thalene, has also been derived commer- 
cially by the oxidation of orthoxylene 
since 1945. The separation of the ortho- 
isomer from the mixed xylene to obtain 


year of 
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the raw material for phthalic anhydride 
manufacture also gives increased value 
to the meta-para mixture in aviation 
gasoline blends, since the orthoisomer is 
detrimental in this use. A rapidly ex- 
panding use for paraxylene is in the 
manufacture of terephthalic acid which 
is used for the new polyester fiber 
Dacron and a new transparent base for 
film (Mylar). The metaisomer is of 
importance as an aviation gasoline com- 
ponent, and although its commercial use 
as a chemical intermediate is limited 
currently to dyestuff and musk inter- 
mediates, development work indicates 
that its production cost can be lowered 
for use in the manufacture of isoph- 
thalic acid—a promising new compound 
for alkyd and polyester resins and plas- 
ticizers. In view of the rapid progress 
already made and the attractive possi- 
bilities now in the process of develop- 
ment for the use of individual xylene 
isomers as chemical intermediates, to- 
gether with the established uses of xylol 
as a solvent and in gasoline blends, it 
is anticipated that the increased volumes 
of xylenes made available from the new 
aromatics plants will be readily absorbed 
by the markets. 

While they are not present in sub- 
stantial proportion in coke by-product 
fractions, alkyl benzenes higher than the 
found in hydroformer and 
Platformer streams in substantial quan- 
tities : Pseundocumene (1, 2,4 trimethyl), 
mesitylene (1, 5 trimethyl), durene 
(1, 2, 4, 5 tetramethyl) and isodurene 
(1, 2, 3, 5 tetramethyl) are the principal 
products of interest in this connection. 
None of these is currently manufactured 
commercially from catalytic reformer 
streams. However, it is probably safe 
to say that the basic technology for the 
commercial recovery of these compounds 
has been worked out and that in due 
time their manufacture on a substantial 
scale will develop. 

Naphthalene has been in short supply 
for some time. However, according to 
Government reports, recently issued, the 
shortage of this commodity is expected 
to be relieved by about 1954 through im- 
provements in existing recovery opera- 
tions and expanded coking by- 
product recovery capacity. Even so, the 
petroleum industry stands ready to pro- 
vide o-xylene as a functional substitute 
for naphthalene in the manufacture of 
its principal derivative, phthalic anhy- 
dride. 

In summary, it is apparent that the 
petroleum industry is rapidly assuming 
a dominant position in the manufacture 
of benzene and its homologues. The na- 
tion and the chemica! and petroleum in- 
dustries can be proud of the speed and 
smoothness with which the threatened 
major shortages of these all-important 
materials have been overcome 
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HE transport of solid-in-liquid 

suspensions and solutions in pipe 
lines is a very common occurrence in 
the chemical industry. A large fraction 
of such materials are non-Newtonian in 
character; that is, they do not have a 
constant viscosity at a given temperature 
and concentration, but instead exhibit a 
variable viscosity dependent upon the 
pipe diameter and liquid velocity plus 
certain other factors. For these cases, 
therefore, the customary methods for 
determining the viscosity are not applic- 
able and the customary methods of pipe- 
line design cannot be employed without 
modification. The flow properties of 
these materials usually have to be deter- 
mined experimentally before a satisfac- 
tory pipe-line transport system can be 
designed. 

It is the purpose of this paper to show 
how the flow properties of non-Newton- 
ian suspensions and solutions can be 
evaluated in rotational-type viscometers 
and pipe-line-type viscometers and how 
these flow-property data can be processed 
and scaled up to provide the basis for 
design of plant-scale pipe lines. Experi- 
mental data were obtained on two repre- 
sentative suspensions and on two solu- 
tions and are presented to illustrate this 
correlation between rotational- and pipe- 
line-viscometer data and to prove the 
validity of the scale up. It is not the 
purpose of this paper to present vis- 
cosity data on any particular material or 
class of materials, for such information 
is of little value, particularly in the case 
of suspensions where particle size and 


shape and degree of dispersion are im- 
portant factors that generally cannot be 
reproduced. 


Classification of Non-Newtonian 
Materials 

Solids-in-liquids suspensions and solu- 

tions are classified according to the gen- 
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For Non-Newtonian Solutions and Suspensions 
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The design of pipe lines for the flow of non-Newtonian solutions and 
suspensions requires methods for evaluating viscosity and for computing 
pressure drop different from those customarily used in the case of simple 
Newtonian fluids. Information is presented on the various classifications 
of non-Newtonian fluids and on the methods of obtaining their shear 
diagrams using rotational or pipe-line-type viscometers. Methods are 
presented whereby data given by either type of viscometer can be con- 
verted to a form directly useful in the design of plant-scale pipe lines. 
Corroborative experimental data are presented on four representative 
materials. A design procedure is given to outline the steps to be taken 
in sizing a pipe line or computing pressure drop. The paper is concluded 
with some general remarks on the selection of pumps for this service. 


eral type of functional dependence of the upon the duration of shear. These ma- 
shear stress on the rate of shear, that terials are subdivided into five general 
is, according to the general shape of the types: (1) Bingham plastic, (2) pseudo- 
shear diagram or plot of rate of shear ~ plastic, (3) dilatant, (4) thixotropic, 
vs. shear stress. There are two main and (5) rheopectic 

classifications, Newtonian and non- 1. A typical shear diagram for a Bing- 
Newtonian. The Newtonian fluids are ham plastic is shown in curve B, Fig- 
ure 1. The intercept is called the yield 
stress, ty. The inverse slope of the 


line is the coefficient of rigidity, 9, 


characterized by a constant viscosity, in- 
dependent of the rate of shear. A typical 


shear diagram for such a material is divided by the conversion factor, 0- 
given by curve 4 in Figure 1. The vis Some examples of Bingham plastics 
cosity in this case is given by the inverse are sewage sludge (5) and grain sus- 


pensions (3) in water 


slope as follows, 

slope as ft : 2. A typical shear diagram for a pseudo- 
w= g.r/(—dV,/dr). (1) plastic is given by curve C, Figure 1. 
: The inverse slope of the asymptotic 
Non-Newtonian fluids on the other hand straight line ey by oe — er- 
sion factor, is called the limiting 

exhibit a variable wiaceeny dependen viscosity at infinite shear, ~,. Simi- 
upon the rate of shear and in some cases larly, the inverse slope of the tangent 


Fig. 1. Representative 

fundamental sheor dio- 

grams for Newtonian, 

Binghom-plastic, pseudo- 

plastic, and dilatant mo- 
terials. 
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material. 


at zero rate of shear multiplied by the 
conversion factor, @-, is called the vis- 
cosity at zero rate of shear, a. An 
explanation of pseudoplasticity has 
been given by Green and Weltmann 
(1). Two examples of pseudoplastics 
are Napalm and cellulose acetate in 
acetone. Napalm is a colloidal solu- 
tion of the aluminum salts of oleic, 
naphthenic, and coconut-oil fatty acids 
in gasoline Further details on 
Napalm can be obtained (2 and 6). 

\ typical shear diagram for a dila- 
tant material is given by curve D, 
Figure 1. A theory tor dilataney has 
been advanced by Keynolds (21, 1, 
11). Some examples of dilatant ma- 
terials are starch suspensions in 
water, mica suspensions in water, 
quicksand, and beach sand. 
rhixotropic fluids possess a structure 
the breakdown of which is a function 
of time as well as of rate of shear 
This structure can rebuild itself if not 
prevented from doing so by externally 
applied forces. Many theories and 
explanations have been advanced for 
thixotropy (11, 12, 14, 18, 22, 24). A 
typical shear diagram for a_ thixo- 
tropic material as obtained with a 
rotational viscometer is shown in 
Figure 2. The area within the loop is 
an indication of the amount of thixeo- 
tropy, a large loop indicating consid 
erable thixotropy (J, 8, 9, 10) and no 


| shear diagram for thixotropic 


OB8P/4L 


Fig. 3. Shear diagram for Bingham-plastic flow in cylindrical pipe. 


loop indicating a simple Bingham 
plastic. If the rate of shear is held 
constant after point C is reached on 
the up curve, the shear stress will 
decrease along the path C/) until 
point E is reached, beyond which no 
turther breakdown can occur at that 
particular rate of shear. If the rate 
“i shear is then decreased, the down- 
urve EA is then followed. Any 
number of intermediate down-curves, 
such as /).4, are possible. Some ex- 
amples of thixotropic fluids and sus- 
vensions are milk, mayonnaise, 
greases, drilling muds, paints, inks, 
and gypsum in water. 

Rheopectic materials are those which 
will set up or build up (increase in 
apparent viscosity) very rapidly upon 
being rhythmically shaken or tapped. 
Some examples of rheopectic materials 
are gypsum suspensions in water, ber. 
tonite sols, and vanadium pentoxide 
sols 


Most solutions and are 
Newtonian at low concentrations, chang- 
ing to one of the non-Newtonian classi- 
fications when a certain critical concen- 


suspensions 


tration is reached. In the case of suspen 
sions, this critical concentration depends 
upon particle size and shape and upon 
degree of dispersion as well as upon con- 


INCREASING PIPE 
OlAMETER 


INCREASING PIPE 
LenetH 


Te OOP 


Fig. 4. Effect of pipe dimensions on shear diagram of thixotropic 


material. 
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centration. Further increases in concen- 
tration have been found in many cases 
to result in still further changes in 
classification. 


Viscous Flow 


Pipe Lines. For the case of viscous 
flow of Newtonian fluids through pipe 
lines, the pressure drop due to friction 
is given by the familiar Poiseuille’s 
equation, 

Ap= (2) 


In the case of non-Newtonian solutions 
and suspensions, the same equation may 
be used by replacing the viscosity term, 
uw, by an apparent viscosity term, po. 
The problem of determining the proper 
value of pw, to be used. however, is fre- 
quently a difficult one since it is not a 
constant, as discussed earlier. 

The mathematical analysis of the vis- 
cous flow of a Bingham plastic in a 
circular pipe was presented by Bingham 
(4, 5). The results of the analysis are 
as follows: 


81°/g-D = (1/n) — 44,/3) (3) 


Loe 7 


toe e 
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A typical diagram for the viscous flow 
of a Bingham plastic in a circular pipe 
is given in Figure 3. The equation of 
the asymptote is given by Equation (3), 
and the inverse slope of the asymptote 
is the coefficient of rigidity, ». The yield 
stress is r,, and the intercept of the 
asymptote is 4/3 r,. 

A shear diagram of the type shown 
in Figure 3 can be obtained in any size 
pipe ranging from capillaries to plant 
scale pipe lines (3, 5). The apparatus 
known as a pipe-line viscometer consists 
of a known length of pipe with either 
a blow case or a pump to force the ma 
terial through the pipe. The pressure 
drop is measured for various rates of 
fiow. It is advisable to use more than 
one pipe size to determine scale-up fac- 
tors, if any, and also to determine 
whether thixotropy exists. If the sus- 
pension is thixotropic, the use of a blow 
case is preferable to a pump since the 
latter will break down the fluid before 
it flows through the pipe. The presence 
of thixotropy is indicated when separate 
curves are obtained for different pipe 
sizes and lengths, as shown in Figure 4. 
More breakdown and thus lower viscosi- 
ties are obtained with longer lengths and 
smaller diameters. 

A plant-scale pipe line can readily be 
sized once the shear diagram is obtained 
from the pipe-line viscometer data, pro- 
vided the material is not thixotropic. If 
it is thixotropic, extrapolation is gener- 
ally required, which introduces uncer- 
Trial and 
since the diameter term appears in both 


tainties. error is involved 
the ordinate and abscissa, and velocity 
is a function of diameter. The latter can 
be avoided by plotting 8¢/2D% as ordin- 
ate on the shear diagram in place of 
8V'/g.D. The Reynolds number for the 
design case should finally be checked to 
see whether the flow will still be viscous. 
If the Reynolds number exceeds 2100, 
the procedure for turbulent flow has to 
be consulted. The Reynolds number is 
given by 


= DV’ pm/the- (5) 


A mathematical theory for pseudo- 
plastic viscous flow has been presented 
by Williamson (27, 28); 
foregoing method of obtaining and ap- 
plying pipe-line-viscometer data is also 
applicable in this case. 


however, the 


Rotational Viscometers. Rotational 
viscometers consist of two concentric 
cylinders, outer or “cup” and inner or 
“spindle.” There are two types: 1) ro- 
tating spindle and stationary cup, e.g.. 
Brookfield and Stormer; and 2) rotating 
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cup and stationary spindle, e.g., Mac- 
Michael and Precision-Interchemical. 

Rotational viscometers are not suitable 
for evaluating flow properties of suspen- 
sions that settle rapidly, since the par- 
ticles can settle out and also can be 
thrown away from the rotating cylinder 
owing to centrifugal force. 

For a Bingham plastic, a shear dia- 
gram can be obtained by plotting simply 
the rate of rotation, w, vs. torque, 7. A 
diagram similar to that shoyn in Figure 
1, curve B, is obtained. The straight line 
obtained can be analyzed by the use of 
the Reiner-Riwlin (20, 7) equation as 
follows, 


(q,T — C1/r,?)) 
— loge 
= 9.55 g.(7 
where 
B, = — (8) 


T,Bs 


(9) 
where 
= [(1/r?) — (1/r,?)] 


log, (r,/r,)] = B, log. 


(10) 


The apparent viscosity for pipe-line flow 
can then be calculated by evaluating » 
and tr, from Equations (7) and (9) and 
substituting into Equation (4). The 
down curve for a thixotropic material 
and the straight portion of a pseudo- 
plastic curve can both be treated in the 
same manner. In the latter case, the 7, 
is obtained from the intercept of the 
asymptote. 

A more general method is available 
for comparing rotational viscometer re- 
sults with pipe-line viscometer results 
and in converting from one to the other. 
In the case of the rotational viscometer, 
it involves the determination of the rate 
of shear and shear stress at the inner 
cylinder wall. The latter can be calcu- 
lated directly from the torque readings 
as follows. 


T/(2ahr?). 


(11) 


The rate of shear is computed as follows. 
The general equation for rotational vis- 
cometers consisting of concentric cylin- 
ders is 


2(dw/dr,) = (g./m)(1— 


(12) 


Assuming that the viscosity is an inverse 
power function of the shear stress and 
incorporating Equation (1) into Equa- 
tion (12), 
—(dl’,/dr), 


21, (de dz,) 


(13) 


(1 — 
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where 


n = d log w/d log % (14) 
The exponent » is thus the slope of the 
leg-log plot of w vs. % The slope 
dw/dr, is taken from a curve of @ vs. 
r, at the point in question. Many slurries 
and solutions met in practice do give 
constant values of m over most of the 
viscometer range. However, if m is not 
constant, an approximation can be ob- 
tained by evaluating it at the value of 
7, In question. 


MacMichael Viscometer (Eimer and 
Amend). This viscometer is well adapted 
to the study of non-Newtonian materials 
The torque is computed simply from the 
following equation, 

T = Key, (15) 
and the shear stress and rate of shear at 
the inner wall are obtained from Equations 
(11) to (14). 

Precision Interchemical Viscomet® 
(Precision Scientific Co.). This instr 
ment (7, 25) is well adapted to the stuc 
of non-Newtonian materials including tho 
exhibiting thixotropy. Equations (11) 


(14) also apply for this viscometer : 


Brookfield Synchro -lectric Visco 
meter (Brookfield Engineering Labor 
tories). A calibration is given for ea 
spindle in terms of the viscosity of 
Newtonian material that would give t 
same scale reading. The corresp nding 
torque is given by : 


The shear stress and rate of shear at t 
spindle wall are obtained by use of Equ 
tions (11) to (13), noting that (rm /r.) 


Stormer Viscometer (Arthur F 
Thomas Co.). The torque correspondu 
to any given weight is given by the produ 
of the weight and the radius of the pull 
Equations (11) to (14) can then be us 
to obtain the shear stress and rate of she 


4 
at the inner cylinder wall. The instrume 
can be used to study non-Newtonian mate 
ials which do not involve a time-dependet 

phenomenon such as thixotropy. ] 


Pipe-line and Rotational-viscomet 
Comparison. A comparison of pipe- 
line- and rotational-viscometer data can 
be made on the basis of comparing the 
rate of shear and shear stress at the pipe 
wall with the rate of shear and shear 
stress at the inner cylinder wall of the 
rotational viscometer. In the preceding 
section on rotational viscometers, it has 
been shown how a plot of rate of shear 
vs. shear stress at the inner cylinder 
wall can be prepared from a plot of 
torque vs. angular velocity. In the case 
of the pipe line, a plot of 8q/#D* vs. 
Dap/4L is prepared first. The latter 
term is the shear stress at the pipe wall. 
The rate of shear at the pipe wall is 
more difficult to evaluate. Rabinowitsch 
(19) presented an expression for this in 
1929 which is independent of the shape 
of the flow diagram. The significance of 
the expression was not fully realized at 
the time, and later Mooney (15) in 1931 


Page 387 


©) 
i, 


showed how the expression could be ap- 
plied to pipe-line data. The expression is 


—(dv,/dr).. = 3(8q/2D*) + (Dap /4L) 
[d(8q/#D*) /d(Dap/4L)}. 
(17) 


As can be seen, the rate of shear at the 
pipe wall, —(dl’,/dr),,, can be obtained 
from Equation (17) together with the 
aforementioned plot of vs. 
Dap/4L, where values of the ordinate 
and the slope can be obtained for selected 
values of Dap /4L. 

Both pipe-line- and_rotational-vis- 
cometer data for a given material should 
fall on a single common curve when 
correlated in this manner, provided that 
there is no time dependency involved 
such as thixotropy or rheopexy. Figure 
™5 shows the type of plot that results 
from the foregoing correlation for a 

eudoplastic material. The lower por- 
tion of the curve approaches an asymp- 
tOte, which means that at low rates of 
Shear the apparent viscosity is a con- 
Stant, »,. Viscous flow in large pipes 
(enerally 2 in. or larger in diameter ) 
usually falls in this region. The central 
C@rved portion is the region where the 

ational-viscometer small-pipe- 


line data generally fall. The upper por- 
tion of the curve approaches another 
asymptote, which means that at high 
rates of flow, within the limits of viscous 
flow, the apparent viscosity is a constant, 
y,- Data from very small pipes and 
from capillary tubes generally fall in 
this region. 

The foregoing method of comparing 
pipe-line— and rotational-viscometer data 
is convenient for designing plant-scale 
pipe lines for the viscous flow of non- 
Newtonian fluids involving no time de- 
pendency. Rotational-viscometer data 
can be obtained with the material in 
question and the shear diagram, 
—(dl’,/dr), vs. 1% prepared. Two 
methods are available to convert this to 
the customary pipe-flow diagram. The 
first and probably the simplest method 
is to fit an equation to this rotational- 
viscometer shear diagram. If a single 
equation is not adequate, the curve can 
be broken in segments and an equation 
assigned to each segment. 

—(dV’,/dr), = w(x) = w(Dap/AL). 

(18) 
Frequently equations of the parabolic 
type will fit. Equatica (18) can then be 
substituted into Equation (17) to give 
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Fig. 6. Capillary-tube viscometer. 
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w(Dap/4L) = 3(8q/xD*) + (Dap/4L) 
[d(8q/2D*) /d(Dap/4L)}. 
(19) 


Equation (19) can then be formally in- 
tegrated to give the equation of the pipe- 
flow diagram, 8q/7D* vs. Dap/4L, or 
segments thereof. The required pipe 
diameter can then be obtained from this 
diagram for a given pressure drop or 
the pressure drop for a given pipe diam- 
eter. 

The second method involves a graph- 
ical integration using the following 
double-integral equation : 


(20) 


The foregoing procedure has not been 
previously described, to our knowledge, 
in engineering literature. It has been 
used with success by the authors on in- 
dustrial problems for the past cight 
years. Experimental data are presented 
later in the paper on two non-Newtonian 
suspensions and two non-Newtonian 
solutions to demonstrate the validity of 
the procedure. However, it has recently 
come to our attention that Equation (17) 
was given by Philippoff (17), together 
with a means of correlating rotational 
viscometer and capillary-viscometer data. 

The derivations of most of the equa- 
tions presented in this section on viscous 
flow are contained in Lapple et al. (13) 


Turbulent Flow 


In general, non-Newtonian fluids be- 
have similarly to Newtonian fluids in 
the turbulent-flow region, in that they 
exhibit a relatively constant apparent 
viscosity. The apparent viscosity in this 
case is generally referred to as the tur 
bulent viscosity, py 

A typical shear diagram for pipe-line 
turbulent flow of a 
shown by the dotted branching portion 
of the curve in Figure 3. The point of 
branching corresponds to the critical 
Reynolds number and is lower the larger 
the pipe diameter. Caldwell and Babbitt 
(5) report that from their tests on the 
turbulent flow of clay and sew ige sus- 


3ingham plastic is 


pensions (Bingham plastics) the pres- 
sure drop can be computed using the 
customary  friction-factor-vs.-Reynolds- 
number plot if the viscosity of the dis- 
persion medium and the density of the 
mixture are used. Wilhelm, Wroughton, 
and Loeffel (26) obtained values for the 
apparent cement-rock- 
suspensions in turbulent flow 
which were higher than the viscosity of 
the dispersion medium. Binder and 
Busher (3) presented data on turbulent 
flow of grain-water suspensions (Bing- 


viscosities of 
water 
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ham plastics), and the apparent viscosi- 
ties were from five to ten times that of 
the dispersion medium. 

Winding, Baumann, Kranich 
(28) presented information on the flow 
of pseudoplastic GR-S latices. In turbu- 
lent flow, a good pressure-drop correla 
tion was obtained by using limiting vis- 
cosity at infinite shear, p,. 

The turbulent viscosity is computed as 
follows from the turbulent-flow portion 
of the pipe-line shear diagram. A value 
of Dap/4L is selected and the linear 
velocity, 1’, calculated from the corre- 
sponding value of 8q¢/7D%. The friction 
factor is then obtained from the Fanning 
equation 


and 


f = (Dap/4L) (29¢/pul’2). (21) 


The corresponding Reynolds number 
then obtained from the pipe-line- 
friction-factor chart, and the turbulent 
viscosity computed from this Reynolds 
number. 

In determining the pressure drop, or 
in sizing pipe lines, for turbulent flow of 
non-Newtonian materials, the turbulent 


Is 


vis- 


viscosity determined from pipe-line 
cometer data and the density of the 
mixture are used in computing the 


Reynolds number, and the friction fac- 
tor is obtained from the friction-factor- 
vs.-Reynolds-number chart. Equation 
(21) is used in computing the pressure 
drop. Trial and error in 
sizing the pipe line, since the diameter 
term appears in both the friction factor 
and Reynolds mmber. This can be 
avoided by using the pipe-flow chart 
(16). lf tests cannot be made of the 
material in question turbulent flow, 
an approximation tort ithe turbulent vis- 


is involved 


in 


cosity can be made by using the coeffi- 
cient of rigidity for Bingham plastics or 
the viscosity at infinite shear 
for pseudoplastics. The pressure drop 
based on this approximation should be 


limiting 


accurate to within +25%. 


Experimental Apparatus 


Rotational Viscometers. Two standard 
commercial viscometers, the Mac Michael 
and the Brookfield, were used In the case 
of the MacMichael, a 2-cm.-diam. spindle 
‘ used in addition to the 1-cm.-diam. 
pindle supplied by the manufacturer. In 
the case of the Brookfield viscometer, only 
two of the four spindles supplied by the 
manufacturer had the required cylindrical 


was 


shape. Consequently, an additional small 
spindle was provided in order to extend 
the range 


Pipe-line-type Viscometers. The de- 
sign of the capillary-tube viscometer that 
was used in this work is shown in Figure 6. 
Under influence of the gas pressure, the 
liquid iff the cylinder was forced to flow 
through one of a number of glass capillary 
tubes. These were mounted inside steel 
tubes by means of litharge-and-glycerine 
cement 
The weight rate of flow was measured 

collecting this filament under a non- 


by 
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Fig. 7. Pipe-line viscometer. 


volatile oil in a small beaker for a measured 
time interval 

A diagram of the pipe-line viscometer is 
given in Figure 7. The blow case was 
equipped with an agitator, a quick-opening 
valve, and a compressed-gas inlet with 
pressure gage and control valves. The re- 
ceiving tank was equipped with a float and 


scale for metering purposes and a com- 
pressed-gas inlet for blow back. Three 
stainless-steel test pipes were used, with 


following inside diameters: 0.1243, 0.2547, 
and 0.4960 in. The test-pipe pressure drop 
was obtained from the blow-case. pressure 
with suitable corrections for static head and 
resistance in valves and fittings. The latter 
was small compared with the test-pipe re- 
sistance 

A diagram of the 2-in. pipe-line system 
is shown in Figure 8. A water-purge sys- 
tem was used with the Propeloflo meter to 
prevent the mechanism irom becoming 
clogged with solid particles. An air purge 
was used with the pressure taps on the 
metering elements and the test section to 
prevent materials from backing up into the 
manometer lines. 


Results 
Viscous Flow. Examples of typical 
results obtained the viscometers 
described above are presented in the fol- 


with 


lowing discussion. 

Figure 9 is a Jogarithmic plot of the 
shear diagram of a 4.46% Napalm solu- 
tion obtained by the use of a Brookfield 
viscometer. The shear stress, 1%, was 
computed by Equations (16) and (11). 
The straight line indicates that the ex- 
ponent m, as given by Equation (14), 
and used in Equation (13), is a constant. 

Typical MacMichael-viscometer data 
for a 24.8% cellulose-acetate solution are 
shown in Figure 10. The straight lines 


VENT | LIne 


show that » in Equation (13) is con- 
stant. 

Capillary-tube-viscometer data 
24.8% solution 


of a 


cellulose-acetate are 


given in Figure 11. This solution be- 
haved as a pseudoplastic. 
A shear diagram for a 23% lime 


slurry obtained with a pipe-line viscount 
eter is given in Figure 12. The curves 
branch off at 4, B, and C, respectively 
indicating that turbulent flow exis 

along the upper branch of each curv 

The curve branches off for larger si 
pipes at lower values of shear stres 

The viscous-flow portion of the saa 
appears to behave as that for Binghant® 
type plastics except at low shear stresse 
At low shear stresses the curve is similz 
to that for 
it is probable that the lime slurry is « 
the Bingham-type plastic and that t 
pseudoplasticity at low shear stresses 


a pseudoplastic. Howeve 


due to slippage at the wall. 
Basic data, examples shown abov 
were reduced to rate of shear and she: 
stress at the wall by means of Equatio: 
(13) and (11) respectively for — 
tional viscometers and of Equation (17 
for pipe-line-type 
bined shear diagrams similar to Figure 


viscometers Con 


were prepared. 
Figure 13 is the combined shear dial 


gram for the 4.46% Napalm solutio 
Excellent agreement was obtained be- 
tween the rotational-viscometer values 


and the capillary-tube-viscometer values 
The combined shear diagram for the 
24.8% cellulose-acetate solution is given 


in Figure 14. The agreement is good 
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Fig. 10 
Shear diagram for 24.8% 


. Shear diagram for 4.46%. Napalm from 
Brookfield viscometer. 


No. 4 Spindle (0.129 in O.D.). 
between the MacMichael-viscometer and 
capillary -tube—viscometer data ; however, 
the Brookfield indicated 
about 20°. lower shear stresses for the 

e rate of shear. 

he 23% lime-slurry combined shear 
be ram is given in Figure 15. 
obtained between the 


viscometer 


Good 


ement was 


ktield-viscometer and 2-in.—pipe-line 
The MacMichael viscometer gave 


acetate solution 
from MacMichael visco- 
meter. 


© Smell spindle, 1 cm. 


O0.D., 5 cm. high, No. 
22 wire. 


L Medium spindle, 2 
em. O.D., 5 em. high, 
No. 22 wire. 


about 20% greater shear stresses for the 
same rate of shear. The lower portion 


Capillary tube, 0.0798-in. 1.0., 5.96 in. long. Shear diagram for 24.8% cellulose acetate 


solution from capillary tube viscometer. 
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of the curve for the pipe-line viscometer 
may be in error, as the data were ob- 
tained from the lower curved portion 
of the curve in Figure 12. This portion 
of the curve is difficult to obtain because 
of the low flow rates and low pressure 
drops. 

From the foregoing examples, it is 
seen that shear diagrams of the type 
indicated in Figure 3 afford a rapid 
method of scaling up semiworks data on 
flow through pipe ‘aution must 
be exercised in applying this method, in 
that the Reynolds number must be 
checked to assure that the flow is viscous 
in tke plant-size line. The method of 
analy zing rotational-viscometer and 
pipe-line data shown in Figures 13, 14, 
and 15 is thus useful in designing pipe 
lines from rotational-viscometer data. 


lines. 


titanium- 
pipe-line viscom- 


Turbulent Flow. The 18% 
dioxide slurry in the 
eter and in the 2-in. pipe line was in 
turbulent flow. The slurry had been 
passed through a centrifugal pump and 
the piping system several times prior to 
the tests. Previous tests on titanium- 
dioxide slurries of this and other con- 
centrations gave pressure drops that 
were manyfold greater and in addition 
exhibited some thixotropy. It appears as 
though most of the thixotropic break- 
down of the 18° titanium-dioxide slurry 
occurred in the centrifugal pump. 

The data were reduced to a plot of 
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friction factor vs. Reynolds number 
(Fig. 16). The value for the turbulent 
viscosity used in this figure was com- 
puted as follows. 

A logarithmic plot of friction factor 
vs. the quantity DI’p was prepared. 
Superimposed upon this was the friction- 
factor-vs.-DVp curve for water as ob- 
tained on the same type of pipe (16). 
The lateral displacement of the slurry 
curve from the water curve is then a 
measure of the turbulent viscosity; that 
is, the ratio of DI’p for slurry to Dl’p 
for water at a given friction factor mul- 
tiplied by the viscosity of the water is 
the turbulent viscosity. 

An average value of about 1.5 to 1.6 
centipoises was so obtained for the 18% 
titanium-dioxide slurry. The data were 
then plotted in Figure 16 using this 
average value of the turbulent viscosity 
in computing the Reynolds numbers. 
Figure 16 indicates that the turbulent 
Viscosity is approximately constant for 
this material. The use of the turbulent 
viscosity therefore affords a convenient 
method of scaling up semiworks data for 
the design of pipe lines conveying non- 
Newtonian slurries and solutions in tur- 
bulent flow. 


Design Procedure 


The steps to be used in scaling up 
or sizing pipe lines from either pipe- 
line— or rotational-viscometer data are 
outlined below. The computed pressure 
drop using pipe-line-viscometer data 
should be within approximately +25% 
of the actual pressure drop and, using 
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Fig. 12. Shear diagram for lime slurry from pipe-line viscometer ond pipe line. i 
Lime slurry, 23% by weight. 


O Yin. tube; A tube; Yin. tube; 2-in. pipe. 


rotational-viscometer data, within +50% 
of the actual pressure drop. 
In general, the design procedure con- 


sists of obtaining the shear diagram for | 
the material, of determining the type of 
material, and of applying the proper re- 


<@ Fig. 13. Combined shear diagram for 4.46% Napalm. 
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Fig. 14. 
I Combined shear diagrom for 24.8% cellulose acetate solution. VW 
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lationship pertaining to the specific type 
of material in order to determine the 
pressure drop or to size the pipe line. If 
the material is Newtonian, the usual 
methods of design apply using the den- 
sity and viscosity of the material. If 
the material is non-Newtonian, the 
shear diagram can be used directly for 
purposes in the 
for turbulent flow 


viscous-flow 
the turbulent 
viscosity can be obtained from pipe-line 


design 
region; 


viscometer data or can be computed from 
the and then the usual 
methods of design can be applied. 


shear diagram, 


Scale Up from Pipe-line-viscometer Data. 
Pipe-line—vise The 


pipe-line-viscometer should 
be obtained with at two pipes of 
different inside and of a given 
length, except tropic materials, 
where third facilitates inter 
P lating of respect to pipe 


eter 


Preparation 


meter Measurements. 
measurements 
least 
diameters 
for thixe 
diameter 
data with 


and Analysis of Shear 
From the data and dimen- 
pipe, an arithmetic plot is made 
DAp/4l 
curve is generally obtained in 
viscous region for all pipe dimensions 
Bnd any one material, with the exception 
Of those exhibiting thixotropic behavior. 
If the curve is a straight line from the 
rigin, the material is Newtonian. If the 
aterial is thixotropic, a separate curve is 


rum 
ns of the 
vs 
single 


Fig. 15. 


Combined shear diagram for 23% lime slurry 


obtained in the viscous region for each pipe 
diameter or pipe length. 

If curves similar to Figure 3 are obtained, 
the flow for the portion above the branch- 
ing point is turbulent, and, for the portion 
below, the flow is viscous. If all of the 
data produce only one curve similar to 
curve D of Figure 1, the material is 
dilatant. 


First Approximation for Scale up of 
Pipe Line. lf the material is Newtonian, 
the usual methods of sizing pipe lines should 
be employed. 

For Bingham-plastic, pseudoplastic, and 
dilatant materials, the diameter of a pipe 
line for a specific rate of flow, length, and 
pressure drop can be obtained directly from 
the shear diagram. 

If the material is thixotropic, curves for 
pipe lines of other diameters can be drawn 
in the shear diagram by interpolation or 
extrapolation of the known curves. The 
procedure for sizing is then the same as 
above, except that the curve representing 
the proper diameter should be used. 


Checking 
‘low. The 
final pipe 
density of 
visco 


Turbulent 
number in the 
should be computed using the 
the mixture and the turbulent 
sity or coefficient of rigidity or the 
limiting sity at infinite rate of shear. 

If the Reynolds number is less than 2100, 
the flow can be considered viscous: if the 
Reynolds number is 2100 or greater, the 
flow may be turbulent. 


for Viscous or 
Reynolds 


Viscr 


Viscous Flow—Scale 
rhe values obtained by 
lined above are 


up of Pipe Line. 
the methods out- 
satisfactory 


Friction factor vs. Reynolds number. 


Turbulent Flow—Scale up of Pipe Line. 
The pipe line is scaled up by the usual 
methods employing the friction-factor-vs.- 
Reynolds-number curves for turbulent flow 
The Reynolds number is computed as above 


Sizing from Rotational-viscometer Data. 

Measurements. The data to be obtained 
are the scale readings corresponding to 
the rotational speeds. Up and down 
curves should, be taken to detect thixo- 
tropic effects. 


Preparation and Analysis of Shear 
Diagram. An arithmetic plot is made of 
the shear stress at the inner cylinder wall, 
Equations (15) and (11), or Equations 
(16) and (11), vs. the rotational speed 
The rate of shear for various values of 
shear stress can then be computed from the 
slope of ‘this curve and Equation (13). 

Using the values of the rate of shear and 
the shear stress, a logarithmic plot is made 
similar to Figure 5. The upper portion of 
the curve has an asymptote of unit slope 
if the material is a Bingham plastic or 
pseudoplastic, and from points on this 
asymptote the coefficient of rigidity or the 
limiting viscosity for infinite rate of shear 
can be computed. 

An arithmetic shear 
made of the rate of shear 
using either the coefficient of rigidity or the 
limiting viscosity for infinite rate of shear 
From this shear diagram, similar to Figure 
1, the viscosity function, such as Equation 
(4), can be obtained 


diagram is then 
and shear stress, 


Sizing of Pipe Lines. For Bingham 
plastic and pseudoplastic materials the vis- 
cosity function can be used with the usual 


> 
Fig. 16. 


Use of turbulent viscosity. 


Curve A: Viscous flow. 
Curve B: Turbulent flow, smooth pipe. 
Curve C: Turbulent flow, commercial pipe. 


Curve D: Transition, woter flow in ‘s-in 


tube 


MacMichael viscometer 18% slurry, tube 
Brookfield viscometer. 18% slurry, ‘4-in. tube 
Pipe-line viscometer 18% TiO, slurry, '2-in. tube. 


- 2-in. pipe line. 4 18% TiO» slurry, 2-in. pipe. 
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methods of design. A check should be made 
ior regime of flow, and, if turbulent flow, 
the procedure outlined under pipe-line vis- 
cometers can be applied. 

For dilatant materials and for a more 
accurate, but yet approximate, method for 
Bingham-plastic and pseudoplastic suspen- 
sions, an equation for the rate of shear as 
a function of the shear stress, Equation 
(18), is determined from an arithmetic plot 
of the shear diagram. This function is 
substituted into Equation (17), giving 
Equation (19). Equation (19) is then inte- 
grated in order to obtain the equation of 
the shear diagram for pipe lines, similar to* 
the viscous-flow portion of Figure 3. The 
remainder of the procedure is the same as 
for pipe-line—viscometer data. 


Comments on Pump Selection 


Almost no information is available in the 
literature on the selection of pumps for 
non-Newtonian materials; therefore a few 
high-spot comments are included herein 

In pumping Bingham-plastic, pseudo- 
plastic, and thixotropic materials, a cen- 
trifugal pump can be used. The head and 


efficiency as given ior water can be cor- 
rected for the material to be pumped by 
means of the head and efficiency tactors 


These factors are given (23) as a function 


of a pump Reynolds number. This Rey 
nolds number can be based on the density 
of the mixture and the turbulent viscosity 


If the turbulent viscosity has not been de- 
termined, the coefficient of rigidity for 
Bingham plastics or the limiting viscosity, 
u,, for pseudoplastics can be used. Open 
impellers should be employed where the 
particle size is large or where the particles 
would tend to plug the small passages im 
a closed impeller. A centrifugal pump pro- 
duces high rates of shear and thus reduces 
the viscosity of the material, a desirable 
result from the pumping standpoint; how- 
ever, degradation and dispersion of the 
particles may take place and in some cases 
be undesirable. For these applications it 
may be preferable to use diaphragm pumps 
or, in some cases, piston pumps. Rotary 
gear pumps can be for of 
these types but cannot be used with suspen 
sions because of the rapid wear 

In pumping dilatant materials, it is neces 
sary to use a slow-moving, low-rate-o! 
shear pump in order to keep the viscosity 
of the material as low as possible. Pumps 
of this type are diaphragm, squeegee types, 
piston, and screw 

Blow cases can be used for any type of 
material. Agitation may be required for 
cases of rapidly settling solids. Care should 
be exercised not to permit air to enter the 
line, as it is very difficult to separate the 
air from plastic and viscous materials 


used solutions 


Notation 
B, = rotational-viscometer in- 
strument constant, 1/ 
cu.ft. 
BR, = rotational-viscometer in- 
strument constant, 1/ 
cu.ft. 


d = differential operator, di- 
mensionless 
D = inside diameter of tube 


or pipe, ft. 
pipe-flow friction fac- 
tor, dimensionless 


~ 


9, = conversion tactor, 32.17 
(lb. /lb. force) (it./ 


sec.*) 


dl dr 


(dl’,/dr), 


(dl’, dr). 


Pm 


= inner cylinder 


inner cylinder (bob or 
spindle) height, ft. 

Mac Michael-viscometer 
torsional constant, 
(ft.-lb. force) /radian 


= length of tube or pipe, 


ft. 


= an exponent, a constant 
= (DVp/p) 


= Reynolds 

number, dimension- 
less 

volume 
cu.ft. /sec. 

radius at a point, ft. 

(bob or 

spindle) radius, ft 


rate of flow, 


= outer cylinder (bob or 


spindle) radius, ft 
radius of pipe, ft. 
torque, ft.-Ib. force 
torque intercept, it.-Ib. 
force 
iverage velocity, ft./sec. 


local velocity at radius 
r, it./sec. 
= rate of shear, (ft. /sec.) 
/it. 
= rate of shear at inner 
cylinder wall, (it 
sec. ) /ft. 
= rate of shear at tube 
wall, (t./sec.) /ft. 
= pressure drop due to 
friction, Ib. force /sq. 
ft. 
coefficient of rigidity, 


Ib. /( it.) (sec.) 

= torsion wire deflection, 
radians 

= viscosity, lb. /(ft.) (sec.) 

= apparent viscosity, Ib./ 
( (sec. ) 

Brookfield viscosity 
reading, lb./(it.) 
(sec. ) 

= viscosity at inner cylin- 
der wall, Ib./(it.) 
(sec. ) 
= viscosity at outer cylin 
der wall, tb./(ft.) 
( sec.) 
= viscosity at zero rate ot 
shear, Ib. /( ft.) (sec. ) 
= turbulent viscosity, Ib. / 
(ft.) (sec. ) 
= limiting viscosity at in 
finite rate of shear in 
viscous flow, Ib. /(ft.) 
(sec. ) 
= density, Ib. /cu.ft. 
solution or 
suspension, Ib. /cu.ft. 
= shear stress, Ib. force/ 


= density of 


sq.ft. 
= shear stress at imner 
cylinder wall, Ib. 


force /sq. it. 
= shear stress at radius r, 
Ib. force/sq.ft. 
= shear stress at tube wall, 
Ib. force /sq.ft. 
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yield stress or pseudo 
yield stress, Ib. force/ 
sq.ft. 

a tunction 


= angular velocity, rad- 
ians /sec. 

ow’ = rate of rotation, rev./ 
min. 
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THE REDUCTION OF NICKEL OXIDE 


In a Fluidized Bed 


ARNOLD KIVNICK * and A. NORMAN HIXSON 


University of Pennsylvania, Philadelphia, Pennsylvania 


HE phenomena involved in the so 

called fluidized bed have been exten- 
sively described within the past 
Murphree and his associates 
(22): Parent, Yagol and Steiner (23) 
and Kalbach (4, 5) have discussed the 
subject in a general way 


vears 


, describing its 
present applications and possible future 
ones and setting forth qualitatively the 
tects upon the pressure drop across the 
ved of such variables as fluid density and 
elocity, particle size and density, frac- 
ion voids, and size distributions. 
The bulk of quantitative work on the 
ubject has been concerned with corre 
ations between pressure drop and the 
everal properties of the fluid and solid 
a both for batch and continuous 
uidization, in order to permit the pre 
diction of the onset of fluidization from 
feadily measurable properties of the 
@wponents of the systems studied and 
® relate the fluidization phenomena to 
@rlier work on the general problem of 
fil flow and pressure drop through 
Porous solids and randomly packed beds. 
Such correlations have been made by 
Wilhelm and Kwauk (3), Morse (21), 
Leva and his co-workers (8-11, 13), 
Lewis, Gilliland, and Bauer (1/4), and 
and Orning (2). The heat 
transfer characteristics of fluidized beds 
have been studied by Mickley and Tril- 
ling (20), Leva and his co-workers 
(12), and Kettenring, Manderfield, and 
Smith (6). 


Ergun 


Mass transfer in such beds has been 
studied by McCune and Wilhelm (19), 
Resnick and White (24), and Ketten- 
ring, Mandertield and Smith (6). In all 
cases the systems used were such that 
the solid particles involved were in no 
smaller than 100 mesh and 
solid mixing in fluidized beds was stud 
ied by Gilliland and Mason (3). 
Chemical reactions in fluidized beds 


case Gras 
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five 


have also been considered. Lewis, Gilli- 
land, and their co-workers studied the 
gasification of carbon by carbon dioxide 


(16) and by metal oxides (78) and the 


reaction between methane and copper 
oxide (17) and iron oxides (15). The 
data for the carbon-carbon-dioxide sys 
tem were correlated by an equation of 


Fig. 1. Photograph of apparatus. 
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the Langmuir type. It was noted that 
at low temperatures the system ap- 
proached the equilibrium between the 
gas mixture and carbon, while at high 
temperatures the reaction rates were far 
higher than those calculated from the 
correlation. The system appeared to be 
independent of the rate at which gas 
passed through the reactor, except inso- 
far as that rate varied the over-all gas 
composition. In the case of the methane 
copper-oxide system, it was assumed that 
the factor limiting the reaction was the 
reaction of carbon dioxide and water 
vapor with methane; i.e., it was assumed 
that chemical kinetic factors were rate 
controlling. The work on gasification of 
carbon by metal oxides dealt with re- 
action mechanisms, chemical equilibria, 
and reaction kinetics. In the reaction 
between methane and iron oxides, reac- 
tion rate was studied as a function of 
temperature and degree of reduction; a 
study of reaction mechanisms was also 
made 

No previous work has been reported 
in which a reaction taking place in a 
fluidized bed was affected to any appre 
ciable degree by the rate of gas flow 
through the bed. That is, in all work 
reported thus far, the mass transfer 
which would be expected to vary as a 
function of the gas velocity—did not 
affect the over-all reaction rate, since in 
each case a kinetic step was the slowest 
and therefore the rate-determining step. 

The present paper deals with experi- 
ments involving the rate of reduction of 
finely divided solid nickel oxide with 
hydrogen. The results obtained indicate 
that both a kinetic-reaction step and a 
diffusional, or mass-transfer, step affect 
the over-all reaction rate. 


Theory 


The reduction of nickel oxide by hy- 
drogen was studied by Benton and 
Emmett (1). They observed that for 
oxide prepared by the decomposition of 
nickel nitrate, the progress of the reac- 
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Fig. 2. Schematic sketch of apporotus. 


tion was marked by a sharp acceleration, 
came to a peak, and then fell off rapidly 
to a low value. They did not observe 
any pronounced peak with commercial- 
grade oxide. They believed that the ac- 
celeration was due to autocatalysis of 
the oxide-metal interface. 

It was also observed that the peak 
occurred earlier and to a greater extent 
if the oxide had been formed at a low 
temperature rather than a higher one. 
Further, the peak was higher, in the 
case of two oxide samples formed at the 
same temperature, for the sample re- 
duced at the higher temperature. They 
explained this by stating that at the 
higher reduction temperatures, the reac- 
tion occurred ‘at a greater number of 
points. 

In studying the over-all rate of a 
chemical reaction, several steps in series 
must be considered, any one of which 
may be so much slower than the others 
that it substantially controls the over-all 
rate. Among these are kinetic steps, 
such as activated adsorption of a reac 
tant on the solid surface, the chemical 
reaction per se, and the desorption of 
the reaction products; and so-called dif- 
fusion or mass-transfer steps. Included 
in the latter are the movement of reac- 
tants from the main gas body into that 
region of the reactor in which reaction 
occurs, the diffusion of reactants through 
the inert film surrounding the solid par- 
ticles, the back-diffusion of reaction 
products through the same film, and the 
removal of those reaction products to 
the main gas body. According to Wil- 
helm (29), the over-all reaction constant 
may be related to the diffusion and re- 
action constants by an equation of the 
form 


1/U = 1/kg + 1/k, 


where ky is an over-all diffusion or mass- 
transfer coefficient and k, is a first-order 
(or pseudo-first-order) reaction con- 
stant. Of the two, ky is likely to depend 
largely on the mechanical properties of 
the reactor and relatively little on tem- 
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Fig. 3. Gas analysis system. 


perature, while &, should increase mark- 
edly with increase in temperature. Two 
extreme possibilities exist: at high tem- 
peratures, the diffusional steps may be 
by far the slower; 1/kg will be larger 
than 1/k,, and the process will be dif 
fusion controlled. 

Alternately, at low temperatures, 1/, 
may far exceed 1/ky, and the reaction 
rate will control the process. Between 
these two extremes, a wide range of in- 
termediate cases may exist in which both 
terms are comparable 

In the case of the fluidized bed, the 
variables that affect the diffusional 
properties of the hed are particle size, 
gas velocity and viscosity, the nature of 
the particle shape and surface, and the 
nature of the fluidization. If the same 
solid were used repeatedly, or samples 
of the same batch of solid, it is seen 
that only the gas properties may, in their 
variation, alter the diffusion steps. 
Hence in a case in which the process 
is at all affected by mass transfer, the 
gas properties should have a marked 
effect upon the over-all process rate. It 
was the purpose of this work to deter- 
mine whether either the diffusion or 
reaction step was controlling or whether 
both affected the over-all rate in the 
case of the reduction by hydrogen of 
nickel oxide. Nickel oxide was chosen 
because of the apparent simplicity of 
the system involved: only one reaction 
was to be expected and only one solid 
product; and the calculations involved 
were also simplified by the fact that 
one mole of each reactant yielded one 
mole of each expected product. 


Apparatus 


The apparatus used in this work is shown 
on Figures 1 and 2. The reactor was a 
68-in. length of 2-in. LP.S. type-304 stain- 
less-steel pipe, with flanged ends, wound 
with nichrome wire. The base of the re- 
actor was a 15° cone made of stainless steel 
type 303. A 200-mesh stainless-steel wire 
cloth prevented the solids from passing into 
the cone. There were three pressure taps 
as shown and wire-in-tube thermocouples, 
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the hot junctions of which could be moved 
in a lateral traverse of the reactor; in this 
work, the junctions were located on the 
center line of the reactor. The wound re- 
actor tube was placed in a_ 16-in.-diam. 
sheet-metal cylinder packed with rock wool. 

Operation was by batches so far as the 
solids were concerned. Nickel oxide was 
introduced through a solids feed port at the 
top ot the reactor and was removed through 
a solids exit port near the bottom. 

Exit from the reactor passed 
through a stainless-steel cone, covered with 
a 20-mesh braided  stainless-steel-wire 
cloth to prevent loss of fines. A bin knocker 
periodically returned accumulated fines to 
the reactor 

Rotameters measured inlet gas streams. 
Phe sample was withdrawn im- 
mediately before the preheater, the product 
sample trom the top of the reactor. Each 
sample drawn through a glass-wool 
filter silica-gel drier before entry 
into the analytical system (see Figure 3). 
rhe pressure taps were kept open by a 
measured stream of gas 


Rases 


feed-gas 


was 


and a 


Analytical Method 


reaction was followed by means oi 
uous hydrogen analysis, performed 
by a Leeds and Northrup thermal-conduc 
tivity nalyzer and Micromax recorder. 
During each observation, a feed-gas sample 
was drawn through the analyzer to deter- 
ts hydrogen content. Throughout the 

of the run, a sample of the exit 

analyzed to provide a continuous 

lo obtain consistent analyses, it 
maintain a constant pres 
a constant flow rate through the 


Phe 
ontu 


i ¢ 


gas 


ecessary to 
ire and 


1 
uvzer 


\t ultimate sensitivity, the analyzer indi 
ted voltage variations of 0.1 mv., corre 
mauling to one-tenth of the smallest scale 
ston oon the recorder chart, or the 
of position which could 
detected. This corresponded to 
variation of 0.01% hydrogen in a stream 
ing about 20% hydrogen. The 
r Was to reproduce a reading 
within 0.2 mv., or two-tenths of the 
illest scale division on the recorder 
chart, corresponding to 0.02% hydrogen 
rhus, the precision of a given reading was 
0.02% hydrogen in 20%, or one part in one 
Sthousand. Hence if the difference between 
"a given feed and product were as little as 
0.1% hydrogen, corresponding to one scak 
diviston, that difference could be considered 
as correct to +10%. The larger the differ 
ence between the feed and product compos! 
tions became, the smaller was the relative 
error and the greater the precision to which 
that difference could be measured. 


The 
could not be gre 
calibration. 
method the 


change 
liably be 


able 


accuracy of any reading 
that of the 
was by a flow 
and nitrogen 
streams being individually measured by 
rotameters, 


one 
than 
libration 


iter 
hydrogen 


and was expressed by a 

least squares straight line in the narrow 

(ultimate 
standard 


hydrogen in 


range 


with a 


sensitivity calibration ) 
deviation of 0.0927 
about 20° the 
standard deviation was about 0.56 of 
Any reading of 
hydrogen composition therefore might 
vary by nearly 0.1% from the true com 
position ; however, since the two analyses 
involved in each rate calculation were 
entirely consistent, the precision of each 


hence, 


the observed reading. 
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rate calculation depended upon the rela- 
tive precision of the two individual 
analyses, and not upon their absolute 
accuracy. 

With small differences between feed 
and product compositions in which the 
ultimate instrument sensitivity was 
called for, the analytical results might 
have erred by +10%. When the com- 
position difference amounted to ten 
scale divisions at the ultimate sensitivity, 
the analytical results could have been in 
error by +1%. As the reaction rate 
increased and the difference between 
product and feed increased still further, 
the analytical precision did not increase. 
First, for wide composition variations, it 
was necessary to use a wide-range cali 
bration, which was a curve to which no 
equation was fitted; this calibration was 
inevitably subject to greater uncertainty 
than the narrow-range calibration. Sec- 
ond, at high reaction rates the product 
composition was subject to rapid fluctua- 
tion. To calculate an average reaction 
rate over a reasonable time interval, an 
averaged product composition was used. 
Since the instantaneous product compo- 
sition varied from the average value used 
in the rate calculation by as much as 
+5% of the total composition difference, 
the rate calculated was necessarily sub- 
ject to error. 

It is, however, a conservative claim 
that at no time was the analysis subject 
to error of greater than +10% and in 
most well below half that 
hgure. 


cases was 


Materials 


The nickel oxide used was pigment-grade 
oxide DP fractionated through 65 mesh 
and retained on 200 mesh, obtained in a 
100-Ib. lot from the Ceramic Color and 
Chemical Manufacturing Company of New 
trighton, Pa. Batches for the reactor 
charge were taken when required irom this 
lot, and all were assumed to be uniform in 
composition and in size distribution 

The hydrogen was 99.5% hydrogen ob- 
tained from the Paschall Oxygen Company ; 
the diluent was Seaford grade nitrogen ob- 
tained from the Air Reduction Company 


Procedure 


A weighed batch of nickel oxide was 
introduced into the reactor, and a stream 
of nitrogen sufficient to fluidize the bed was 
turned on. The preheater and reactor 
heaters were allowed to bring the system 
up to the desired temperature 

\s the temperature was approached, the 
hydrogen and nitrogen flows were set at 
the desired values for the standard cell of 
the gas analyzer. A sample was drawn 
through the standard and sample cells in 
series. When the recorder indicated that 
the standard cell composition was constant, 
it was isolated, and all succeeding gas 
samples passed through the sample cell 
alone. 

The gas rates were then set to give a 
stream approximately 20% hydrogen and 
were maintained constant. The product 
sample was then drawn through the ana- 
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lyzer and observed for 1 hr. in most cases. 
At the end of that time, a feed sample was 
taken for 10 or 15 min. When both product 
and feed compositions had been recorded, 
the gas rates were altered to give a differ- 
ent total gas flow with approximately the 
same composition, and the procedure was 
repeated. 

Throughout each run, the flow rates and 
bed temperatures were maintained constant 
by manual control. Pressure drop across 
the bed was observed to check on fluidiza- 
tion. 

Runs were made in order both of in- 
creasing total gas flow and of decreasing 
gas flow to determine whether any differ- 
ence in behavior might be noted. A single 
batch of solid might be run at a single tem- 
perature on several successive days, or at 
different temperatures on succeeding days, 
to determine whether changes occurring in 
the solid due to different temperatures were 
reversible 


Results 


The range of the independent var- 
iables covered is as 
ture: 350° to 750° F., mole fraction hy- 
drogen in feed: 0.1730 to 0.2505, super- 
ficial linear gas velocity (calculated at 
the bed temperature) : 0.312 to 1.43 ft 
and weight of nickel 
charge: 3.6 to 5.5 Ib. 

The only dependent variable measured 
was 


follows: tempera- 


sec., oxide in 


mole fraction of hydrogen in the 
product gas, from which the reaction 
rate and over-all specific 
stant were computed. 

The reaction 
the equation 


reaction con- 


rate was computed by 


where 


R’ = 


Xy 


reaction rate in moles /hr. 
= stoichiometric hydrogen 
centration in the feed, moles 
hydrogen /mole nitrogen 
= stoichiometric hydrogen con- 
the product, 
moles hydrogen/mole nitro 
gen 
nitrogen flow, moles /min. 


con 


centration in 


where 


x, = mole fraction hydrogen in the 
feed 

mole fraction hydrogen in the 
product 

feed-gas flow rate, cu.ft. /min. 
at standard conditions 


v= 


This assumes a negligible H:O concen- 
tration, which was always the case. 
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The specific-reaction constant was de- 
fined by the equation 


2R’ 
U= 7 
Mix,+ r,) 
where 
M = weight of wumreduced oxide 


present at the time for which 
the specific-reaction constant 
applies ; 
- —* = average driving force, mole 
fraction hydrogen. 

The weight of unreduced oxide pres- 
ent at any given time is computed by the 
relation 

M = M,— 2M, 
where 
M,, = initial weight of the charge 
M, = weight of oxide reduced in each 
run = R’-@-748, 
where 


@ = duration of each run, hr. 
74.8 = lb. molecular weight of nickel 
oxide. 


Hence, in terms of the observable 
quantities, 


U= 


a 
1— i— 


~~ (ry + #,)359[M, — 3(R’-0-748) 


The superficial linear gas velocity was 
computed by the equation 


v(t + 460) 


(492) (60) (0.02330). 


TABLE 1 


' t 


Run cu.ft./min °F ft./see. 
DN-1-A 0.348 356 0.413 
DNA-B 0.485 360 0.577 
0.639 359 0.761 
DNAD 0.348 360 
DN-1-B 0.297 o47 0.348 
DN-2A 0.348 347 0.408 
DN-2-B 0.639 357 0.760 
DN-2-4 O.874 354 1.03 
DN2D 0.297 352 0.351 
DNIE 0.348 353 0411 


SUMMARIZED DATA AND CALCULATIONS FOR RUNS BELOW 700° F.* 


1u* Charge M, 
0 0.2042 6 4.80 
0 0.2103 
0.4 0.2082 
0 0.2038 
0 0.1897 
0 0.2037 
0 0.2063 
0.: 0.2024 
0 0.1912 24 
0 0.2045 134 


* Only the data for one temperature are shown. The complete experimental data are on file in 
the Department of Chemical Engineering, University of Pennsylvania, Philadelphia 4, Pa 


where 


V', = superficial linear gas velocity at 
bed temperature, ft. /sec. 

t = average bed temperature 
throughout the run, ° F. 


The reactor was a 2-in. pipe, whose 
cross-sectional area was 0.02330 sq.ft. 

The experimental data and related 
calculations for the runs at temperatures 
below 700° F. are presented in Table 1. 
For runs at 700° F., the data are pre- 
sented in Figures 6 and 7. 


Variation in U with Gas Velocity. 
In all cases, U increased with the linear 
velocity of the gas through the bed. For 
the runs at temperatures below 700° F., 
the variation lends itself readily to quan- 
titative expression, according to an equa- 
tion of the form log U = a+ b log I;. 
The equations were found by the method 
of least squares. See Figure 4 and Table 
2. There are several explanations pos- 
sible for an increas¢ in rate with gas 
velocity; these are treated in detail un- 
der Comment 

A similar increase in reaction rate 
with gas velocity was observed by 
Wetherill and Furnas (28), who reduced 
iron-ore samples in a fixed bed with hy- 
drogen and carbon monoxide and noted 
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Fig. 5. Variation of U with 1/7. 
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that the reaction rate for a given ore 
sample increased roughly as the square 
root of the gas velocity. 

Variation in U with Temperature, 
In all cases, U increased as did reaction 
temperature. In order to express this 
variation quantitatively for runs made at 
temperatures below 700° F., values for 
U at a velocity of 1.0 ft./sec. were taken 
from Figure 4 at each temperature ; then 
log U was plotted vs. 1/7, as shown in 
Figure 5. Inasmuch as U may be con- 
sidered as a_ reaction constant, the 
Arrhenius equation may be supposed to 
apply that is, In A’ — E/RT. The 
value of E was found by the method of 
least squares to be 18,400 B.t.u./Ib. mole, 
or 10.2 kg.-cal./g.mole. Taylor (26) has 
stated that for the adsorption of hydro 
gen on activated metal-oxide surfaces 
the energy of activation was observed 
to be 10.5 kg.-cal./g.mol It is not 
thought that these experiments showed 
a confirmation of Taylor's figures; the 
temperature of the experiment and the 
oxides involved differed. But it is at 
least reasonable to conclude that the 
energy of activation of this reaction is 
of the same order of magnitude as the 
energy of activation for the adsorption 
of hydrogen and that it may well be that 
the activated step which contributes to 
a large degree in setting the rate of this 
reaction is the adsorption of hydrogen. 

Variation in U with Reaction Time. 
At temperatures below 600° F., the re- 
action constants were observed to be in 
variant with reaction time; that is, with 
the fraction of the charge reduced. For 
the runs at 600° F. (DN-10 and DN- 
11), the specific-reaction constant was 
observed to fall off slightly during each 
run. At the end of these runs, which 
amounted to 10 hr., the charge was 32% 
reduced. For the runs at 635° F. (DN-5 


TABLE 2 a(V,)* 


Series a 
DNA 355 2.39 x 10°¢ 0.60 
DN-2 

453 6.27 x 10° 0 63 
DNY 

DN3 554 19.0 0.72 
DN.10 602 28.9 063 
DN11 

DN-S f 493 x 10 0.78 
DN 4 


100. 
633°F 
60 
602°F 
= | 
20) ta 
| 
6 
4 355°F 
| | 
ae 
4 
7 
: 
{ 
| 
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Fig. 6. Variation of U with time at 700° F. 


and DN-6) the reaction constant was 
observed to fall off with time to a more 
pronounced degree than at 600° F., al 
though the variation was small in com- 
parison with the reaction constant itself. 
\t the end of runs lasting 12.5 hr. the 
51% Using this 
same charge at 450° F., the reaction con- 
was invariant with time. During 
those runs, an additional 8% of the orig- 
inal charge was reduced, but the reaction 
constant did not fall off during that 
reduction 

At 700° F there was con- 
siderable variation in specific-reaction 
constant with time. At first a sharp in- 
crease occurred in the constant, which 
then diminished steadily until a point was 
reached at which it began to rise, slowly, 


charge Wats reduced. 


stant 


and above 


again (see Figures 6 and 7). Because 
of the extreme variation in Ul’ with time 
at these temperatures, it is not reason- 
with 
those obtained at lower temperatures. It 
is readily apparent that, qualitatively 
speaking, is higher at 700° F. than 
at 633° F. For the same reason, it is 
difficult to arrive at a quantitative com- 
parison for the values of U obtained at 
several gas velocities at 700° F.; hence 
the data for runs are not listed. 
However, it is apparent from Figure 8 
that once the reaction is well under way, 
U is always greater the higher the gas 
velocity. 

Benton and Emmett (1), in describ- 
ing the reaction, explained that the sharp 
initial rise was due to autocatalysis ef- 
fected by the phase boundary between 
the newly formed metallic nickel and 
the nickel oxide. They postulated the 
reaction mechanism to be as follows: 
The oxygen atoms at the interface are 
highly activated and hence are readily 
removed by hydrogen adsorbed on the 
nickel. As the rises, the 
reaction is able to occur at a greater 
number of active centers initially; once 
the reaction has begun, it proceeds more 


ible to compare these values of U 


those 


temperature 
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rapidly at high temperatures both be- 
cause of the increased readiness of the 
hydrogen to react and because there ex- 
ists, owing to the presence of the nickel 
formed at the start of the reaction, a 
phase boundary which the 
reaction. 

One would therefore expect that if 
reaction had begun at a high temperature 
and were continued at a lower one, it 
would proceed more rapidly than if the 
reaction began and proceeded at the 
same low temperature. This is seen to 
be the case. 
450° F. were performed on charge 9, 
which had formerly been used for the 
series at 635° F. In spite of the fact 
that the charge was 51° reduced at the 
start of DN-7, the values of U through- 
out the run are far higher than the 
corresponding values of U for runs of 
DN-8 and DN-9, which were 
started and continued at about 450° F. 

As the surface of the nickel oxide 
crystals becomes reduced, the reaction 
interface moves into the crystal itself. 
\ reduction in reaction constant might 
then be expected because an additional 
resistance is present, the resistance to 


catalyzes 


The series-DN-7 runs at 


series 


of 


Fig. 8. Variation of U 
with fraction to be re- 
duced at three velocities. 


sey (DRIVING FORCE) 
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Fig. 7. Variation of U with time at two velocities. 


the diffusion of hydrogen through the 
reduced metal to the reaction interface 
and to the back diffusion of the water 
formed by reaction. There was no evi- 
dence a: all of this added resistance in 
runs below 600° F, At 600° and 633° F., 
the constant diminished but 
very slightly in view of the fact that the 
reduction had proceeded to a great ex- 
tent, more than 50% in the case of 
charge 9, reacted at 633° F. It appears 
that the rate of diffusion of hydrogen 
within the crystal is sufficiently great 
to maintain the rate of reduction only 
lightly diminished. 

It is from Figure 8 that the 
peak occurs more rapidly at low values 
of V,, and the diminution in U conse- 
quently begins at a lower fraction of the 
oxide reduced or a higher value of 
M/M,,. Since all runs shown on Figure 
8 take place at the same temperature, 
there must initially have been the same 
number of active reaction centers. On 
the basis of these data, it appears that 
the increase in reaction rate at higher 
gas velocities causes either one of two 
things to occur: first, that a greater 
number of reactive centers, relative to 


reaction 


seen 


| 
‘ 

° 
aS 9 
+0580 

HOURS 
~ 
H 

4 

170 ] 
| 

140 

100 
i 
> 80 a 
70 0 $80 0.819 

60 
a 

= d 


TABLE 


3.—CALCULATED VALUES OF 


10 
0.413 0.000032 41,300 
oO.791 0.000050 20,000 
0.000075 13,333 


the amount of reduction, are formed; or, 
second, that the orientation of those 
centers either on the face or within the 
crystal is such as to increase their effi- 
ciency. 


Comment 


It was previously observed that the 
specifie-reaction constant increased with 
increase in gas velocity. There are sev 
eral possible causes for such an increase 

A portion of the gas stream might be 
passed around the bed and not enter into 
However, it can be shown 
would, of itself, 
cause an apparent decrease in the reac 
tion constant rather than an 

It is possible that kinetic effects might 
be responsible for the increase of spe- 


the reaction 
(7) that by-passing 


increase. 


cific-reaction constant with gas velocity 
It can be shown that if the reductign 
of nickel the 
presence O1 reaction 


oxide were inhibited by 
the 
would show a velocity dependence en 
tirely apart from the diffusional factors 
(7). However, Benton and Emmett (/) 
observed that when water vapor 
added to the hydrogen in the reduction 
of nickel oxide, the reaction rate 
diminished only slightly. The onset of 
the autocatalytic peak was deferred, but 
It is unlikely that the 
velocity effect is due solely to purely 
kinetic causes. 

A possible cause for a velocity effect 
might be that the system was close to 


water vapor, 


was 


was 


not prevente d. 


equilibrium. If the reaction had reached 
equilibrium, the specific reaction con- 
stant would have varied as the first 
power of gas velocity. It might be ar 
gued that the system was close to equi- 
librium and that therefore the reaction 
constant varied as a power of gas ve- 
locity than unity. the 
relative concentrations of vapor 


less However, 

water 
and hydrogen in the gas leaving the sys- 
tem are vastly different from the equi- 
librium values obtained by a suitable 
extrapolation of the data of Skapski and 
Dabrowski (25). It is therefore not pos- 
sible that the system as a whole was at 
equilibrium, although it may well be that 
equilibrium existed at some places in the 
bed. 

Mass-transfer factors are likely causes 
for the velocity effect observed. The 
processes previously mentioned as affect- 
ing the behavior of this system are the 
diffusion of reactants through the inert 
film surrounding the solid particles, the 
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MASS TRANSFER AND 


REACTION COEFFICIENTS 


it it 

31,269 13.2 $1,287 
19 6.7 19,993 
13,326 1 13,328 


back diffusion of reaction products 
through the same film, and the supply 
of reactants to and removal of products 
the region of the bed in which 
reaction occurred. The papers of Ket- 
tenring, Manderfield, and Smith (6) and 
Resnick and White (24) provide means 
of estimating the variation of 
transfer through the inert film with in- 


from 


mass 
creased velocity. If this diffusional step 
is the controlling one, then the mass- 
transfer should be of the 
same order of magnitude as the corre 


coefficients 


specific-reaction constant. 
Moreover, if the specific-reaction con 
stant and mass-transfer are 
both calculated on an area then 
the value of 1/k,’, determined from the 
1/k,’ + 1/k,’, should 
In this case, 1/k,’ is taken 
to represent the sum of all resistances 
to reaction other than that imposed by 
ciffusion through the inert film. The 
calculations are summarized in Table 3 

Both that 
the diffusion 
through the inert film was a negligible 
part of the total resistance to reaction 
Another diffusional or transfer step 
must be responsible for the observed 


sponding 


coefficient 
hasis, 


equation 
be invariant. 


calculations show 


imposed — by 


sets of 


resistance 


vel wity effect. 


Tohn- 


and 
27) have suggested that once a 
bed is smoothly fluidized, additional gas 
bevond that required for fluidization is 
by-passed through the bed. They envis- 
ioned that in such a case the fluidized 
bed would consist of two regions: 
the region of smooth fluidization, in 


Fluidization. 
stone 


Toomey 


one, 


300 400 soo 600 700 


TEMPERATURE, *F 


Fig. 9. Variation of b (slope in Fig. 4) with 
temperature. 
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which the gas flowing through the solid 
was in viscous flow and the solid par- 
ticles were close to each other, the sec- 
ond consisting of gas bubbles moving 
erratically up through the otherwise 
smooth bed. This behavior is not unlike 
the action observed in the beds investi 
gated at low temperatures preliminary 
to these studies. Toomey and Johnstone 
attributed the violent mixing present im 
fluid beds to the action of bubbles and 
that the 
adjacent to the gas bubbles was probably 
highly turbulent. If this is an accurate 
representation, it is likely that the bulk 
of the mass transfer which occurs in 
the hed, and hence the bulk ot the Te- 
action, takes place in the highly turbu- 
lent region adjacent to the bubbles pass- 
ing through the smoothly fluidized part 
of the bed. Toomey and Johnstone indi- 
cate that by far the greater portion of 
the solid in the bed is present in the 


conceded region immediately 


region of smooth fluidization. 

\ possible explanation for the abnor- 
mally low mass-transfer-per-unit area 
is that the area involved in such trans- 
fer was not the area of all the solid in 
the bed, but only that of the solid in 
the region of high turbulence. In 
case, the values of U’ shown in Table 3 
would be incorrect, since they are based 
upon the area of all the solid in the bed. 
The effect of velocity might stem from 
two causes. First, the ve- 
locity must be accompanied by an 
crease in turbulence and therefore in the 
area available for mass transfer and re 
action. Second, this 
turbulence would be expected to improve 
the mass-transfer coefficient in the tur 
bulent region. 

Presumably, the solid in the smoothly 
fluidized region of the bed reaches equi 


increase im 


Same imecrease im 


librium with the gas passing through 
that part of the bed, the reaction being 
controlled by equilibrium for the frac 
tion of gas which passes through the 
bed. But the major portion of the gas 
reacted is acted upon in the turbulent 
zone of the bubbles, and it seems likely 
therefore that the reaction rate 1s con- 
trolled at least in part by the eddy diffu- 
sion through the turbulent zone around 
the gas bubbles and by the amount of 
surface made available for mass trans- 
fer and reaction because of the turbu- 
lence. 

No general correlation is attempted 
here. Too many quantities which should 
have a place in such a correlation are 
as yet unmeasured. Among these are 
the true surface area and surface activ- 
ity, both assumed to be constant in the 
preceding calculations, but possibly 
varying with amount reduced. The size 
distribution and the nature of the ag- 
glomerates which constitute many of the 
particles must also have an effect. The 
fraction voids, shape factor, and surface 


this? 


in-7 
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factor, all of which have been found 
necessary in correlating the pressure 
drop data for fluid beds, are very likely 
to be of importance in determining the 
mass-transfer behavior of a_ solid-gas 
fluidized system. The data obtained in 
connection this study are by no 
means sufficient to account for these var- 
iables. It should also be stated that the 
effects herein encountered may be lim- 
ited to the system studied and the ap- 
paratus used. 
It has been inferred from the strong 
temperature variation of the reaction 
here studied that a kinetic step has 
large part to play in the control of the 
over-all reaction rate. From the varia- 
tion in the specific-reaction constant at 
any given temperature with gas velocity, 
it has been inferred that a diffusional 
step plays an equally important role in 
controlling the over-all reaction rate. If 
§ both these inferences are true, then as 
the temperature of reaction rises, the re- 
sistance of the kinetic step should be- 
come lessened, and the relative impor- 
tance of the diffusional step in setting 
the over-all rate should rise. This would 
be indicated by an increase in the coeffi- 
log |’, in the equation log 
= a+b log Il’, as the temperature 
rose. That coefficient is the slope of 
4 ich of the lines in Figure 4. The slope 
pof each line has been plotted in Figure 
9% against the temperature at which the 
for that line were obtained. Al- 
though the points are such that no quan 
mitative mtormation 
herefrom, it is apparent that, qualita 
the slope rises with increase in 
Remperature. This would appear to sub- 
Stantiate the contention that both the 
Rransier and kinetic steps are of impor 
Rance in setting the 


with 


cient of 


data 
may be derived 


ively, 


rate in this case 


Summary 
Nickel oxide was reduced with hvdro- 


gen in a fluidized bed. The course of 
the reaction was followed by the change 
in the hydrogen content of the fluidizing 
gas mixture between the inlet and outlet 
of the reactor. Different runs were com- 
pared by means of a specific reaction 
calculated on the basis of 
the weight of oxide available for reduc 
tion. 
T he 


constant [ 


Specitic-reaction 


observed to vary as 


constant 
a function of gas 
velocity, at constant temperature, and as 
a function of temperature 
locity. 


Was 


at constant ve- 
At each temperature 
form log U 


an equation 
a+b log lV’; was 
fitted to the experimental points. The 
coefficient b observed to increase 
with the increase in temperature. At a 
constant velocity of 1.0 ft 
equation of the form log | A—(E/ 
2.3R)(1/T) fitted to the data 
From the equation, the energy of activa- 
tion for the over-all reaction was calcu- 


of the 
was 
sec., an 


was 
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lated. It is of the order of magnitude 
of the energy of activation for the ad- 
sorption of hydrogen on metal oxides. 

From the foregoing observations, it 
appears that both the diffusional, or 
mass-transfer, and kinetic steps are of 
importance in determining the over-all 
reaction rate and that the kinetic step 
which is effective may be the adsorption 
of hydrogen on nickel oxide. 

It was not possible to predict the 
mass-transfer behavior of this system on 
the basis of the generalized correlations 
now available. Because of the nature of 
the data obtained and their limited 
quantity, no generalized correlation can 
be made on the basis of this work. 

This process might find industrial use 
as a means for preparing pure nickel 
from the oxide. The product at the end 
of one run was found to be 75% metallic 
nickel; at that time the bed was still 
fluidized, and no sticking had been ob- 
served. 


Notation 


constant in the 
specific - reaction 
against velocity 
constant, coefficient of log I’, 
in equation of specific-reac- 
tion constant against velocity 
diffusional coefficient, moles/ 
hr.(atm.) Ib 
diffusional coefficient, 
hr. (atm. ) sq.ft. 
= reaction coefficient, 
(atm.) Ib. 
= reaction coefficient, 
(atm. )sq. ft. 
= temperature, ° F. 
volumetric cu.ft. / 
min. at 32° F. and 1 atm. 
= mole fraction hydrogen in feed 
mole fraction hydrogen’ in 
product 
= constant of integration § in 
Arrhenius equation 
energ 
> weight of 


equation of 
constant 


moles / 
moles /hr. 


m¢ les ‘hr. 


flow rate, 


of activation 
unreduced oxide at 
any time, Ib 
initial weight of oxide charged, 
Ib. 
weight of oxide reduced during 
a run, Ib. 
nitrogen flow rate, moles /min. 
> universal gas constant 
reaction rate, moles /hr. 
temperature, © R. 
= specific - reaction constant, 
moles /hr.(atm.) Ib. 
reaction constant, 
moles /hr.(atm.) (sq. ft.) 
linear velocity at bed tempera- 
ture, ft./sec. 
= stoichiometric 
centration in 
Ib. Ne 


= stoichiometric 


= specific - 


hydrogen 
feed, Ib. 


con- 


hydrogen con- 
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centration in product, Ib. H,/ 
Ib. No 


6 = time of run, hr. 
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NE of the biggest problems encoun- 

tered in the development and use 
of nuclear energy has been the adequate 
protection of personnel from radiation. 
So far most of the work in this field 
has been carried out by physicists. With 
the greater participation by engineers in 
the atomic energy program and the 
wider industrial use of radioisotopes, it 
is desirable that engineers have some 
knowledge of the fundamentals of radia- 
tion shielding. This paper covers the 
main nuclear radiations which are of 
concern to the engineer. 


Alpha Particles (,He*t). Alpha 
particles are doubly charged helium 
nuclei which are ejected in the radio- 
active decay of heavy elements. Initial 
energies of alpha particles vary from 
about 4 to 10 mev* corresponding to 
velocities as high as one fourth the ve- 
locity of light. 

In passing through matter, alpha par- 
ticles lose energy chiefly by interaction 
with electrons. Because an alpha par- 
ticle loses only a small fraction of its 
energy in a single collision with an elec- 
tron and is not appreciably deflected by 
the collision, alpha-particle paths are 
nearly straight lines. Alphas are the 
most strongly ionizing of the common 
radiations. 

The penetrating power of an alpha 
particle is known as its range. This will 
vary from several centimeters in the 
case of air to a few thousandths of an 
inch for a solid material. From the 
standpoint of radiation shielding, alphas 
are a negligible external hazard because 
the common alpha emitters are not suffi- 
ciently energetic to penetrate the outer 
layer of the skin. Most alpha emitters 
such as radium, uranium and plutonium 
are serious internal hazards, however, 
because they accumulate in certain sec- 


*In giving the energy of nuclear radia- 
tions, it has become standard practice to use 
the electron volt as a unit. One electron 
volt is defined as the energy gained by any 
particle of unit electronic charge in falling 
through a voltage drop of one volt. For 
convenience, the kiloelectron volt (kev) 
and million electron volt (mev) are also 
used. Thus a particle having an energy of 
1 mev is as energetic as the most intense 
radiation emitted by a million volt X-ray 
machine. 
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tions of the body and cause grave local 
damage. 


Other Heavy Charged Particles. 
Light nuclei such as protons, deuterons 
and tritons are used as bombarding par- 
ticles in cyclotrons and other types of 
particle accelerators. Shielding must be 
supplied for energies as high as several 
billion electron volts. 

Any ion moving at high speed through 
matter loses its energy by essentially the 
same mechanism. It can be shown that 
the rate of energy loss at any given 
velocity will vary approximately as Z?, 
where Z i: the net charge on the ion. 
Thus for particles of a given velocity, 
protons will have the same range as 
alphas and deuterons will have twice the 
range of alphas. Even for energies as 
high as 50 mev, however, the penetra- 
tion of a proton or deuteron per se is 
not an important factor in shield design. 

The main problem in the shielding of 
particle accelerators is caused by the 
production of high energy neutrons 
through nuclear reactions. Particle en- 
ergies of about 10 mev exceed the bind- 
ing energy of neutrons and the latter can 
be produced from the nuclei present in 
the accelerators. These neutrons have 
tremendous penetrating power, and the 
design of personnel shielding must be 
based normally on the fast neutron flux. 


Fission Fragments. Although some 
fission fragments have energies as high 
as 100 mev, their charge of about +22 
results in a small range. Segre and 
Wiegand have experimentally measured 
the penetration of uranium-235 fission 
fragments, and give values of less than 
a thousandth of an inch for such metals 
as aluminum and copper. Thus the 
aluminum cans used to protect uranium 
in the pile are of sufficient thickness to 
stop all fission fragments. 


Beta Particles (_,c’). Beta par- 
ticles are high-speed electrons or posi- 
trons emitted from the nucleus of radio- 
active isotopes. For energies up to about 
1 mev, the interaction of electrons with 
matter is similar to that of alpha par- 
ticles since the loss of energy in both 
processes is through ionization. Since 
the electrons are much lighter, for a 
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given energy their velocity is greater 
and in some cases approaches the ve- 
locity of light. Because of this high 
velocity their specific ionization is less 
and their range is greater than in the 
case of alpha particles. 

Beta particles are emitted with a con- 
tinuous spectrum and a beta particle can 
lose a large fraction of its energy in 
one collision. These two factors com 
plicate a statistical analysis of the ab 
sorption of beta particles, but it has been 
shown that an exponential absorption 
law combined with a maximum range ts 
approximately valid. Beta particles are 
not a serious hazard because they are 
easily stopped by a thin sheet of alumi- 
num or other solid absorber. 


Positrons (,,¢°). Some of the arti 
ficially radioactive isotopes decay by the 
emission of a particle known as a posi- 
tron which is similar to an electron ex- 
cept that it bears a positive charge. As 
with negative electrons, positrons are 
stopped by a thin sheet of aluminum and 
are not serious hazards. 

The main problem with positron 
emitters is the production of annihilation 
radiation through the nuclear reaction 


+ _,¢°> 2 gammas 
of 0.51 mev each 


This radiation is much more penetrating 
than the original positrons and must be 
included in shielding calculations. 


Fast Neutrons (,9n'). Neutrons are 
uncharged particles of about the same 
mass as the hydrogen atom. Neutrons 
given off during fission are emitted with 
Since 
pene- 


energies as high as several mev 
neutrons nonionizing, their 
trating power is high and they cause 
serious damage to body tissue. For 
these reasons, neutrons are the most sez 

ious radiation hazard encountered in the 
atomic energy plants. 

Fast neutrons, to be stopped, first must 
be slowed down by collisions with 
nuclei present in the shield. As a gen- 
eral rule, materials of low atomic weight 
such as water or paraffin are best for 
this purpose. This process is known as 
Once the 
they are 


are 


moderation or thermalizing. 


neutrons are thermalized, 
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; 


easily captured by ordinary materials of 
construction, 

Fission Gammas. Gamma rays are 
electromagnetic radiation similar to 
X-rays but more penetrating. Materials 
of high atomic weight such as lead are 
the best shield against gammas. The ab- 
sorption of gammas by a shield involves 
several rather complex nuclear reactions 
but, as the intensity 
gamma radiation decreases exponentially 
through a shield. Fission 
given off during the split- 
of the fissionable 
usually uranium-235. The gammas 
rather soft, several being obtained for 
each fission with the total energy about 
5 mev. 


a general rule, of 
in passing 
gammas 
ting ot 


are 
one tsotopes, 


are 


Radioactive Decay Gammas. Most 
fission products and radioactive isotopes 
produced in the pile are gamma emitters. 
Depending on the decay scheme of the 
in question, gamma energics ot 
may be obtained. 


mot ype 
several mev 


Inelastic Scattering Gammas. When 
fast neutrons are scattered by heavy ele- 
shield, part ot the neutron 
appear as gamma radiation. 
in shielding a neutron emitter, it 
sufficient only to shield the 
inelastic 
gamumas in the 


ments im the 


en 
Thus 
is not 
Bary 


enerate 


may 
pri- 
scattering will 
shield itself and 
hese must be compensated for by addi- 


source 


ional shielding. 

Capture Gammas. neutrons 
re absorbed by nuclei in the shield, 
. illy one or more gammas are emitted. 
These capture gammas also are gener- 
in the shield itself 
Weated in the same way as the 


Mattering 


When 


and may be 
inelastic 


gammias. 


Bremsstrahlung. Depending 
the number of the 
highe r energy beta particles lose energy 
in passing throt 
sion of electromagnetic 
process ts analogous to the production 
X-rays; the continuous X-ray spec- 
trum given off when beta particles pass 
through matter is called Bremsstrahlung 
(braking radiation). In shielding work, 
are of chief importance 
in the case of those isotopes which are 
pure beta emitters, since the Bremsstrah 
lung more 
radiation the 


upon 


atomic absorber, 


igh matter by the emis- 
radiation, This 


ol 


Bremsstrahlung 


produced may be a 


hazard than 


serious 
primary 


TABLE 2 GAMMA AND NEUTRON 


Prompt gammas 
Fission product gammas 
Uranium ture gammas 
Aluminum capture gammas 
Water capture gammas 
Concrete capture gammas 
Fast neutrons : 

Slow neutrons . 
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Fig. 1. 


beta particles. 
tinuows 


They produce a con- 
spectrum with a maximum 
energy equivalent to that of the pri- 
mary electrons. Depending upon the 
material irradiated, there will also be 
sharp peaks superimposed on the contin- 
uous spectrum corresponding to the 
characteristic X-ray levels of the target 
material. The rate of energy by 
Bremsstrahlung is roughly proportional 
to the primary energy EF and to Z2. It is 
therefore relatively more important for 
the heavier elements and for 
betas. 


stronger 


Photo-Neutrons. beryllium or 
deuterium is present in the shield, it is 
possible for higher energy gammas to 
react with the nuclei of these atoms to 
eject neutrons known as photo-neutrons. 
This complicates the shielding problem 
because it leads to a secondary source 
of neutrons in the shield itself and re- 
quires the placing of neutron absorber 
in the outer layers of the shield. 
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Example 


As an example of radiation shielding, let 
us consider the problem of shielding a 
nuclear chain reactor. Suppose that a uni- 
versity is to install a small enriched uran- 
ium, water-moderated, thermal reactor. 
Reactor fuel elements are of aluminum, and 


MISSION FROM 10-KW. REACTOR 


Avg. Particle 
Energy 
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Genealogy of radiations for shielding. 


shielding is to be provided by ordinary con- 
crete. Total power is 10 kw. What radia- 
tions must be stopped by the concrete ? 

The fission of one atom of uranium-235 
leads to an energy release of about 200 mev 
By using the conversion factors 1 mev 
1.6 x 10° erg and 1 w 10° erg/sec., we 
find that a power of 1 w. requires 3.1 « 10" 
fissions/sec. Thus a power of 10 kw. is 
equivalent 3.1 10" fissions/sec. of 
uranium-235. Distribution of fission energy 
is given in Table 1. 


to 


TABLE 1 OF FISSION 


DISTRIBUTION 
ENER 


mev fission 


Kinetic 


energy 


of fission 
energy 


Kinetic of neutrons 
Prompt gammas 

Gamma i ay of fission fragments. 
eta decay of fission fragments 
Neutrino energy eee 


Total 


There are four other sources of gamma 
energy which must be included. About 16% 
of the captures of a neutron by uranium-235 
are nonfission captures leading to the for 
mation of uranium-236 and the evolution of 
gamma energy. The spectrum of these 
uranium-235 capture gammas is not known 
but it can be assumed that two 3-mev 
photons are produced per capture. Hydro 
gen of the water moderator will capture 
neutrons, each capture leading to the «¢ 
lution of one 2.2-mev gamma. Aluminum 
also captures neutrons, in this case emitting 
a complex gamma spectrum with a total 
energy of about 7 mev and a most probable 
energy of about 3.5 mev. Neutrons leaking 
out into the shield are slowed down and 
finally captured by the concrete to generate 
capture gammas of variable energy in the 
shield proper 

Since the penetrating power of fission 
fragments and beta particles is small, they 
are neglected in most shielding calculations 
If the compositions and relative amounts 
of all the materials present in the reactor 
are known, the production of gammas by 
the various mechanisms can be calculated 
Table 2 gives representative values of the 
radiations encountered in a reactor of this 
type. The problem of radiation shielding is 
to reduce the intensity of this radiation to 
the tolerance level of a few hundred par- 
ticles/(sq.cm.) (sec.) at the outside surfac« 
of the shield. In some shielding problems, 
the original intensity of the radiation must 
be reduced by a factor of as much as 10" 
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Vaporization rate data and surface-temperature data were obtained for 


nine pure liquids evaporating from the surfce of a porous sphere, and 
experimentally evaluated heat-transfer coefficients were found to corre- 
late a semiempirical equation that expresses the Nusselt number for heat 
transfer as a function of a new dimensionless number, Re-Sc, and the 


thermal conductivity ratio, k,/k,. 


Surface temperatures determined for the nine pure liquid drops, namely, 


nitrobenzene, m-octane, benzene, 


methanol, acetone, water, ethanol, 


butanol, and carbon tetrachloride, were found to be approximately equal 
to wet-bulb temperatures. A new method of predicting wet-bulb tem- 
peratures from boiling-point data and wet-bulb data for water was 


developed. 


HE design of high-output combus- 

tors for jet propelled aircraft and 
such equipment as spray dryers and cool- 
ing towers requires an accurate knowl- 
edge of liquid vaporization rates. Ac- 
cording to the type of equipment, the 
liquid may evaporate from spheres, 
cylinders or flat surfaces. In jet engines, 
the fuel is frequently injected as liquid 
droplets at a point upstream of the com- 
bustion zone, and the concentration of 
vaporized fuel in the fuel-air stream en- 
tering this zone is determined by the rate 
of evaporation of the droplets. To deter- 
mine this evaporation rate, a study was 
made of droplets vaporizing under con- 
ditions similar to those encountered in 
aircraft combustion systems. 

The two general methods of calculat- 
ing the vaporization rate of a pure liquid 
drop are: (1) methods using the differ- 
ence between the partial pressure of the 
vapor at the drop surface and the partial 
pressure of the vapor in the streaming 
air as the driving potential; and (2) 
methods using corresponding tempera- 
ture differentials that appear as the driv- 
ing potential in the heat-balance equa- 
tion. Using the first method, Sherwood 
and Williams (6) recommend the fol- 
lowing vaporization-rate equation. for 
three ranges of Reynolds number: 


dm p,MP 


dé RT Pom 


+ Lewis Flight Propulsion Laboratory. 


Vol. 48, No. 8 


Nw = 2, when Re <4 
Nw = 1.50Sc% Re®45 
when 4 < Re < 400 
Nw = 0.438c%Re®6, 
when Re > 400 


Also using the first method, Fréssling 
(1) presents the equation: 


dm _ 
dé 
4 
D nd (2 + 0.552S¢%Re*) 


for all Reynolds number values and an 
air temperature of 20° C. 

Consideration of the applicability of 
the above mass-transfer equations to 
vaporization in high temperature air 
streams shows that f,,, has a large effect 
on vaporization rates inasmuch as it var- 
ies markedly with small changes in the 
surface temperature of the drop. An ac- 
curate determination of surface temper- 
atures is therefore required to apply 
mass-transfer equations to vaporization 
calculations for high air temperatures. 
This evaluation becomes increasingly 
difficult as air temperatures are in- 
creased. For the second general method, 
however, the driving potential may be 
approximated by the difference between 
the air temperature and the boiling point 
of the liquid, and an accurate determina- 
tion of surface temperature is not re- 
quired in the case of high air temper- 
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Thus, a heat-balance equation 


atures 
which would show the effect of molecu- 
lar mass transfer on the heat-transtfer 
coefficient was chosen for investigation. 


Procedure 


Experimental. The apparatus used to 
determine vaporization rates of pure liquid 
drops is shown in Figure 1. Air was sup 
plied from the central laboratory system at 
50 Ib./sq.in. gage and 16% relative humid 
ity. The air was metered by a rotameter, 
and the temperature was controlled over 
a range of 80° to 1000° F. by an electric air 
heater Air leaving the heater passed 
through an insulated 1-in. pipe and into a 
3-in. diam. calming chamber contamimg two 
sections of 200-mesh screen placed normal 
to the air stream. The calming section was 
used to produce an air stream with low 
turbulence and flat velocity profile. The 
velocity profile showed velocity variations 
of less than 10% for points up to '%4 in. of 
the wall of the test section. The sphere was 
placed at a depth of 1 in. from the open end 
and '4 in. from the wall of the 2-in.-diam., 
6-in. long test section. The air temperature 
was measured by a thermocouple mounted 
in the same plane as the vaporization sphere 

The surface temperature of each liquid 
drop for the range of inlet temperature 
studied was obtained with a fine thermo- 
couple junction of 40-gage tron-constantan 
wire flush with the surface of the sphere. A 
thermocouple element was also placed in the 
center of the sphere to determine the rate 
at which sensible heat of the liquid was 
transferred to the drop, during the run, and 
to show the effect of the core temperature 
on the surface temperature of the drop 

The liquid feed system consisted of a 
syringe, hypodermic needle, and cork sphere 
mounted on the end of the hypodermic 
needle. Three spheres having an average 
diameter of 0.688 cm. were used during the 
experiment. The spheres were constructed 
of selected cork free of coarse grains and 
piths, and the porosity of each was adjusted 
by piercing the sphere with a fine needle 

Vaporization rates were measured di- 
rectly by weighing the unit shown in Figure 
2 on an analytical balance before and after 
each vaporization run. The technique em- 
ployed consisted in: 


Removing the test tube from the unit 
Holding the sphere in the air stream 
for two minutes 

3. Replacing the test tube over the 
sphere. 


1. 
2. 
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AIR, 50 LB/SQ IN. GAGE 


COMPRESSED AIR 
200 LB/SQ IN 
GAGF, 78° F = 
PRESSURE 
REGULATOR 


Results from the use of this equipment 
showed that vaporization data were repro- 
ducible within +5% when the following 
conditions were fulfilled : 


Air temperatures varied less than 2° F. 
A cork stopper was inserted in the 
open end ot the test tube during the 
4 vaporization run. 


y 


«--min. 
Pressure was applied evenly to the 
syringe and the unit was slowly ro- 
tated to keep the surface of the sphere 
thoroughly wet. 

Not more than 1 sec. was taken to 
transter the sphere from the test tube 
to the air stream or to accomplish the 
reverse procedure 


Calculations. The physical properties 
H,, k, p, and w that were used in calcula- 
tions were obtained from Lange’s Handbook 
(3) and Perry's Handbook (5). The 
molecular mass diffusivity by. was calcu- 
lated from the expression 

= 
RT 


where 


total pressure, atmospheres 
- molecular weight of diffusing 

Vapor 

universal gas constant 82.0 (atm.) 
(cc.)/(° K.) (mole) 

average film temperature, ° K. 

volume diffusivity as defined by 
Gilliland (2) 


Tos 


Range of Conditions. Data on vapori- 

} zation rates were taken at a constant inlet- 
air temperature of 28° C. and varying air 
mass flow for a single liquid, and at con- 
stant air mass flow with air temperatures 
varying from 30° to 500° C. for nine pure 
lijuids. Surface-temperature data were 
taken over the same air-temperature range 
for the nine liquids referred to in Abstract 


LIQUID AIR-VAPOR AIR 
FILM 


Schematic representation of a liquid 
vaporizing in an air stream. 
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Fig. 1. Schematic dia- 
gram of vaporization 
i t. 
200-ME equipmen 
SCREENS 
CALMING 
CHAMBER 


Results and Discussion 


A drop vaporizing in an air stream is 
pictured in Figure 3 as being surrounded 
by a vapor film. The heat balance for 
this system can be expressed 


dm 


h’A(t,—t,) = — 


(1) 


where h’ is the heat-transfer coefficient 
evaluated at the liquid-vapor interface. 
In this investigation, cy(t; — t,) is small 
compared with H,, and it is possible to 
rewrite the equation 

dm 


h’A(t, —t,) = - 


de Hy 


When the heat-transfer coefficient is 
evaluated at the vapor-air interface as 
shown in Figure 3, the heat balance 
may be written 


dm 


hA(t,— 1.) = 


(3) 
where / is a function of the heat trans- 
ferred by the air and the diffusing vapor 
as a result of collisions between vapor 
and air molecules. 

There are three types of bimolecular 
collision that may occur in a binary 
mixture of vapor and air surrounding 
the vaporizing drop. They may be de- 
fined as collisions between: (1) two air 
molecules, (2) two vapor molecules, or 
(3) an air and a vapor molecule. When 
two air molecules collide, heat is trans- 
ferred from the warmer molecule near 
the air stream to the cooler molecule that 
is closer to the sphere’s surface. As a 
net result of collisions between air 
molecules, heat is conducted across the 
film to the sphere’s surface and can be 
expressed as a function of the thermal 
conductivity of air kg. When two vapor 
molecules collide, this heat transfer, 
which may be expressed as a function 
of the thermal conductivity of the vapor 
k,, has no appreciable effect on heat 
transferred f> the sphere’s surface be- 
cause a net diffusion of vapor molecules 
into the air stream occurs. In collisions 
between an air and vapor molecule, heat 
is transferred from air to vapor mole- 
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0.688-cm-DIAM 
CORK SPHERE 


CORK 5-cc 
STOPPER SYRINGE 


Fig. 2. Vaporization unit. 


cules that conduct heat from the film as 
shown in Figure 3. This heat transfer 
can be expressed as a function of the 
ratio k,/k,. The film coefficient 4 may 
be expressed as a function of k, and the 
thermal-conductivity ratio k,/R,. 

Because the film coefficient for va- 
porization must also be a function of 
momentum and mass-transfer groups, 
that is, the Reynolds and Schmidt num- 
bers, the Nusselt number for an air- 
vapor film may be expressed as 


d 
) (Re)*(Sc)? + 


(4) 


where f is a proportionality constant, 
d/x the Nusselt number for still air, 
and x the film thickness. 

Data for heat transfer between spheres 
and air streams have been correlated by 
Williams (4), and the equation 


Ad 4( Re)" = 0.33(Re)®* 


(5) 
was obtained for a Reynolds number 
range of 20 to 150,000. Equation (4) 
was derived for an air-vapor film and 
reduces to Equation (5) when a pure 
air film is considered. If Equation (4) 
is applied to the range of conditions in- 
vestigated by Williams, ie., a_ solid 
sphere suspended in an air stream, the 
still air Nusselt number d/x is relatively 
small and may be neglected. The ther- 
mal conductivity ratio for a pure air 
film is unity, and the Schmidt number 
is also equal to unity since kinetic theory 
of gases defines the viscosity of air as 
the mass diffusion coefficient for air 
molecules diffusing through air, ie., 

Williams’ correlation included one case 
of simultaneous heat and mass transfer, 
namely, Vyrobov’s data for ammonia 
vapor diffusing through an air-ammonia 
film. Since the thermal conductivity of 
ammonia vapor is nearly the same as 
that of air, the ratio k,/k, may be taken 
as unity. Also, the Schmidt number for 
this case is approximately equal to unity. 
Thus, one would expect the Williams 
equation to hold fairly well for Vyro- 
bov’s data. 

A series of runs was made for one 
fluid in which mass-air-flow rates were 
varied and the air temperature was held 
constant, ((&,/k,) (Sc) = constant). 
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Fig. 4. Correlation of heat- and mass-transfer 
data for 0.688 cm.-diam. methyl alcohol drop in 
28° C. constant-temperature air stream, ond 
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Data for these runs are plotted in 
Figure 4. This plot shows nm = 0.6 or 


hd 
ka x 


Equation (5) is also plotted in Figure 4 
to show the Nusselt number is higher 
for an air-methanol vapor film than it is 
for a monomolecular film having a ther- 
mal conductivity ratio and Schmidt num- 
ber of unity. 

In Equation (6), both Sc and k,/k, 
are functions of air temperature and the 
vapor properties. It is difficult, there- 
fore, to vary either Sc or k,/k, inde 
pendently as functions of the film coeffi- 
cient. A correlation was undertaken 
using a new number (Re - Sc), which 
is defined as the ratio of turbulent mo- 
mentum transfer to molecular mass 
transfer. This new correlative number 
is comparable to the Peclet number used 
in heat-transfer studies. 

By substituting (Re for 
(Re)®*® - (Sc)*, Equation (6) can be 
rewritten 


Ad Re + Se k, y d 
ka 


(4) 


(6) 


because hd/k, must still be a function of 
Re®*®. To verify this relation and to 
evaluate m, vaporization tests were 
made in which the mass-air-flow rate 
was held constant and the air temper 
ature was varied. Vaporization data for 
nitrobenzene, n-octane, benzene, meth- 
anol, acetone, water, ethanol, butanol, 
and carbon tetrachloride are given in a 
logarithmic plot of hd/k,(Re - Sc)®* 
against k,/k, for the nine liquids as 
shown in Figure 5. From this straight- 
line plot, it is evident that (Re - Sc)®® 
correlates the data and m = 0.5; or 


k os 1 


k 


LIQUID MASS FLOW AIR 
(LB/HR) TEMPERATURE 
© BENZENE 94 29-32! 
© METHANOL 75 25-234 
& n-OCTANE 465 31-435 
|v NITROBENZENE 94 131-507 
© WATER 64 27-430 
> @ ACETONE 75 26-420 
on moass-tran CHI 0 iD 
data with thermal con- . & ETHANOL 75 26-122 
ductivity ratio 


Nu 


| 
2 4 


THERMAL-CONDUCTIVITY RATIO, kg/ky 


A plot of hd/k, against (Re - Sc)"*® 


(k,/k,)®*® on rectangular-coordinate 
graph paper in Figure 6 shows that the 
equation for the film coefficient of a 
pure liquid drop vaporizing in an air 
stream may be written 


k 
2 + 0.303(Re Sc)” “( | 


(9) 


for the conditions covered in this inves- 
tigation. Data in Figure 6 show d/x, = 
2 for vaporization in quiescent air 
and the constant f = .303 which is 
approximately ten per cent less than the 
value f = .33 obtained by Williams for 
heat transfer. 

Data were taken for various feed tem- 
peratures to check the effect of the ser 


sible heat of the liquid on the vaporiza 
tion rate, and the effect of feed temper- 
atures on surface temperatures. The fact 
that no consistent trends of feed tem- 
perature were observed verified the as- 
sumption of negligible effect of the li- 
quid feed temperature on the experi- 
mental film coefficient. 

By substituting the value of A in 
Equation (9) into the heat-balance 
Equation (3), the vaporization rate of a 
pure liquid drop may be expressed 


dm 
dé 
k 
ad | 2+ 0.303( Re Se | 
(10) 
EXPERIMENTAL 
BENZENE 
© METHANOL 
n-OCTANE 
NITROBENZENE 
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TETRACHLORIDE 
BUTANOL 
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i j 
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Fig. 6. Correlation of Nusselt number with k./k. and Re- Sc. 


Chemical Engineering Progress 


+— EQUATION 5 } 
4 a 4 | 
| 
= | | 
= 
| | 
32 
£ 
hd 
ky 
(8) 
Vol. 48, No. 8 eC Page 405 


9 


At, °C 
9. 


AIR TEMPERATURE - SURFACE TEMPERATURE, 
@ 


rer 
© ACETONE 
METHANOL 


S ETHANOL 
v WATER 


© BUTANOL 

< CARBON TETRA- 
CHLORIDE 

@ BENZENE 

NITROBENZENE 


160 


240 320 


AIR TEMPERATURE, tg, °C 


~ 
= 
a 


v 
~ 
E 
v 
a 
2 
= 
a 
N 
Oo 
4 
> 


Fig. 7. Psychrometric plot of driving force At for nine pure liquids. 


—_FROSSLING S EQUATION— 
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Fig. 9. Chart for determining vaporization time for n-octane droplet of initiot diameter, d.. 
680° C.; us = 30.5 m./sec.; At = 550° C. 
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AIR TEMPERATURE, ta, °C 


; Fig. 8. Comparison of experimental vaporization rates for nitrobenzene drops in varying air-stream 
temperature with rates calculated by Frossling’s equation (2). 


Air-mass-flow rate, 94 Ib. /hr.; 


experimental Reynolds number range 1610 to 1030. 
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Surface temperatures measured in this 
experiment and shown as psychrometric 
plots in Figure 7 were compared with 
wet-bulb temperatures (4) and were 
found to agree within 5% of these values 
for carbon tetrachloride, benzene, and 
water. 

To compare values of dm/d@ obtained 
in this experiment with values calculated 
from Equation (10), a plot of dm/d@ 
against air temperature for nitrobenzene 
is shown in Figure 8. Values of dm/dé 
calculated by Fréssling’s equation are 
also shown in this figure, and agree 
fairly well with experimental data at 
room temperatures but are invalid at 
elevated air temperatures. 

To determine the time required for a 
droplet of a given diameter to vaporize 
completely, Equation (10) may be re- 
written 


dé = 
pill d - d(d) 


(11) 


and integrated to give total vaporization 
time @ as a function of the initial 
diameter d,; or 


d, 14 = 
4h, St ( up k, y" 
k, 
(12) 
for values of Nu > 10; 


and 


pH, d,? 
4k,at 2 


(13) 


for values of Nu = 2. 
tions (12) and 


A plot of equa- 
(13) is shown in 
Figure 9 for n-octane at t, = 680° C., 
ug = 3050 cm. and At = 555° C. 
The applicability of Equation (10) 


sec., 


dm 


= H wdNu 


may be considerably extended by ap- 
proximating Af from boiling-point data 
instead of relying on the availability of 
wet-bulb-temperature data. The psy- 
chrometric chart in Figure 7 shows that 
St is a function of the boiling point of 
the liquid. A plot of t,, against ¢,,, for 
constant At values was made, and is 
shown in Figure 10. 

A straight-line plot for each liquid is 
comparable to Duhring lines used in 
vapor-pressure determinations. The in- 
tercept of the ordinate axis ft, , was then 
evaluated as K and plotted against the 
boiling point of each liquid, as shown in 
Figure 11. 
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Equations for the plots in Figures 10 
and 11 may be written 


= tart K 


and 
K = —0.80t, p. +75 


and may be combined to give the equa- 
tion 


ta, —0.80tp +75 (14) 


where ty p = 94° C. for the faired value 
of water. 


This equation may be readily used to 
approximate the surface temperature of 
a drop from a plot of Af against ¢, for 
water if the air temperature and the 
boiling point of the liquid drop are 
known. 


Sample Calculation. To determine 
At for a liquid having a boiling point of 
80° C. and suspended in a 250° C. air stream, 
these values are substituted in Equation 
(14) 
te.1 — O80te + 75 


= 
tee = 250 — (0.80) (80) + 75 = 261° C. 


The plot of t. against Af for water in 
Figure 7 shows that when ¢, = 261° C., 
At = 208° C., which is the Af value for a 
liquid having a boiling point of 80° C. Asa 
check on the equation, the plot of benzene, 
which has a boiling point of 80°C. in 
Figure 7 shows that At = 206°C. in a 
250° C. air stream. For this condition, the 
method of determining At with Equation 
(14) agrees with the experimental value 
within 1 per cent. 


Conclusions 


An analysis of the effect of elevated 
air temperatures on the rate of evapora- 
tion of a pure liquid drop based on a 
heat-balance resulted in the 
semiempirical equation : 


concept 


dim 

dé 
ad| 2 + 0.303( Re —* 
H, k, 
Experimental data over an air-tempera- 
ture range of 30° to 500°C. 
pure liquids having latent-heat values 


for nine 


ranging from 50 to 500 g.-cal./g. were 
used in developing this equation. 


Notation 


A = area of drop, (sq.cm.) 

bye = molecular mass diffusivity, 
(g./(cem.) (sec.) ) 

specific heat, (g.-cal./(g.) 
(°C.)) 

= drop or 
(cm. 

volumetric diffusion coeffi- 
cient or diffusivity, (sq. 
cm. /sec.) 


c= 
sphere diameter, 


D, = 
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AIR TEMPERATURE, tot, 


= vaporization rate, (g./sec.) 
= proportionality constant 
heat-transfer coefficient at 

air-vapor interface, (g.- 
cal. /( sec.) (sq.cm.) 
(°C.)) 

= heat-transfer coefficient at 
liquid-vapor interface, 
(g.-cal. / (sec. ) (sq.cm. ) 


latent heat of vaporization, 
(g.-cal./g.) 
= thermal conductivity evalu 
ated at (g.-cal./(sec.) 
(sq.cta.) ) 
= intercept constant, (° C.) 
mass-transfer coefficient 
(g./(sec.) (sq.cm.) ) 
molecular weight of vapor 
izing liquid 


Fig. 11. Correlation of 
psychrometric data with 
boiling points. 
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a 
B.P 


quantity of material vapor- 
ized, (g.) 


= Nusselt group for heat trans- 


fer, (hd/k) 

Nusselt group for 
transfer, (K,,d/b,,,) 

total pressure, (atm.) 

(Pv.2 — Pv). difference be- 
tween partial pressure of 
vapor at drop surface (ap- 
proximately saturation 
pressure) and partial 
pressure of vapor in 
streaming air, (atm.) 

log mean pressure of inert or 
nondiffusing gas (atm.) 

Peclet number, (Pr - Re, 
dupc/k) 

: Reynolds number based on 
drop diameter d, (dup/p) 

new correlative group, 

Schmidt group based on 
mass diffusivity of vapor 
) 

= average film 

air temperature at which li- 
quid has same (tg —?¢,) 
value as water 

air temperature at which 
water has same (t, — ¢,) 
value as given liquid 

difference between air tem- 
perature and surface tem- 
perature of drop, (° C.) 

velocity of air, (cm./sec.) 
film thickness, cm. 
vaporization time, (sec.) 


mass 


temperature, 


as viscosity, (g./(sec.) 
(cm.)) 
constant, (3.1416) 
gas density, (g./cc.) 
liquid density, (g./cc.) 


SUBSCRIPTS: 


air 
boiling point 


= liquid 
= initial condition 


= surface 


= vapor 


water 
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Discussion 


C. R. Wilke (University of Cali- 
fornia, Berkeley, Calif.) : Did you find it 
necessary to correct your heat-transfer 
coefficients for radiation for the condi- 
tions under which you were operating? 


R. D. Ingebo: No. The tests per- 
formed in the standard 2-in. black iron 
pipe were compared with tests using a 
polished aluminum tube inserted inside 
the pipe, and no effect of radiation from 
the wall on evaporation rates or surface 
temperatures was observed. 

R. S. Fein (The Texas Co., Beacon, 
N. Y.): Have you made any investiga- 
tions on the variation in composition 
through the vapor film, fuel-air ratios, 
for instance? 


R. D. Ingebo: No. Data of this na- 
ture would be difficult to obtain under 
the conditions of this investigation since 
maximum film thicknesses were approxi- 
mately 0.3 mm. 


A. P. Colburn (University of Dela- 
ware, Newark, Del.): In the 
simultaneous heat and mass transfer, I 
think we have been fairly careless gen 
erally in not considering the effect of 
one of the processes on the other in a 
theoretical way. In a paper by Tom 
Drew and myself for the Institute in 
1936, we presented the mathematics that 
are involved which had been published 
practically simultaneously by Ackerman, 
in Forschung magazine of that year. It 
turns out that as vapor molecules are 
diffusing through the film, they give up 
or absorb heat of a sensible nature and, 
therefore, distinctly change the rate of 
sensible heat transfer. This is a rather 
complicated matter, but fortunately we 
were able to present a simple curve that 
relates the sensible heat-transfer coef- 
ficient to the rate of vapor transfer. 

Now, if you were to involve that re 
lationship, you might find that it would 
take care of a factor that resulted in 
your bringing in the thermal conductiv- 
ity ratio. 


R. D. Ingebo: The ratio of the ther- 
mal conductivity of air to that of the 
diffusing vapor was used in this investi- 
gation as a means of evaluating the 
effective thermal conductivity of a bi- 
molecular film containing a vapor dif- 
fusing through an air film. It may be 
possible that an evaluation of film prop- 
erties from the standpoint of sensible 
heat transferred by the diffusing vapor 
would yield somewhat similar results. 

H. D. Evans: (Shell Development 
Company, Emeryville, Calif.): A ther- 
mocouple, no matter how small it might 
be, is still large compared with the 
molecular layer along the surface of the 
drop. Is it not possible that the actual 
surface temperature may be different 


case of 
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from the value measured by the thermo- 
couple, which may be a thousand mole- 
cules inside the surface. 


R. D. Ingebo: If you remember, I 
stated that I controlled the liquid tem- 
perature of the drop fairly close to that 
of the surface temperature. Thus, it was 
possible to obtain fairly accurate surface 
temperatures. 


2. F. Oldershaw (The Dow Chemi- 
cal Co., Pittsburg, Calif.) : I would ex- 
pect that it would be very difficult to 
obtain accurate measurements of the 
surface temperatures of the small porous 
spheres due to conductivity and radiation 
effects. Would you therefore explain 
what precautions were taken to insure 
that the temperatures measured by the 
thermocouple were the actual surface 
temperatures ? 


R. D. Ingebo: The technique of main 
taining the liquid core temperature near 
the surface temperature and using a fine 
thermocouple element made it possible to 
obtain accurate liquid surface tempera- 
tures in relatively high-temperature air 
streams. The possibility of the thermo- 
couple junction being partially exposed 
to the air stream and recording erron- 
eously high temperatures was avoided by 
keeping the thermocouple element sub- 
merged in the thin liquid film surround- 
ing the sphere. This technique required 
considerable care at high temperatures 
and may not yield accurate results if 
applied to extreme temperature condi 
tions beyond the range of this investi- 
gation. 

C. E. Dryden (Battelle 
Institute, Columbus, Ohio) : 
of your paper is, 
Pure Liquid Drops.’ 


Memorial 
The title 
“Vaporization from 

’ Actually vaporiza- 
tion was from the surface of porous 
spheres. Thinking about the previous 
talk, how would vaporization rates from 
pure liquid drops compare with your 
data? Would there be any difference 
due to circulation or other phenomena 
within a pure liquid drop, which was 
not present in a porous sphere? 


R. D. Ingebo: The materials evapo- 
rated in these tests were pure liquids, 
and a constant surface area was main- 
tained by use of a porous solid conform- 
ing to the shape of a spherical drop. An 
investigation has been reported by 
Powell showing vaporization rates to be 
the same for liquid drops and wetted 
spherical surfaces. Also, my data were 
found to correlate those of Frdéssling 
who used free-falling drops. The effect 
of circulation in the liquid film surround- 
ing the sphere was checked by rotating 
the sphere at different speeds, but 
effect of circulation was noted. 


no 


(Presented at A.l.Ch.E. Forty-fourth 
Annual Meeting, Atlantic City, N. J.) 
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A LIQUID-DOWTHERM HEATING 
AND COOLING UNIT 


T. G. STACK and J. E. FRIDEN 


Standard Oil Company (Indiana), Whiting, Indiana 


A highly effective installation to maintain reaction temperatures in 
pilot-scale equipment has been designed and constructed for operation 


over a temperature range of 125°-650° F. Dowtherm A in the liquid 
state is the heat-transfer medium employed in essentially independent 
heating and cooling systems. Reaction temperatures can be controlled 
automatically at the user by blending a regulated stream of hot Dow- 
therm with a constant amount of cold Dowtherm. 


The temperatures of the hot and cold Dowtherm streams are maintained 
respectively by a gas-fired heater and a water-cooled exchanger. Centri- 
fugal pumps provide forced circulation through the systems. Safety 
devices automatically shut down the unit if the control instruments 


malfunction or the utilities fail. 


Operating experience with this installation over a period of three years 
has demonstrated that temperatures in the range of 200°-550° F. can 
be controlled to within one per cent. 


N the design of pilot-plant equipment 

a problem, often encountered, is that 
of rapidly heating and cooling process 
vessels. If a number of adjacent kettles, 
reactors or other users are to be oper- 
ated over approximately the same tem- 
perature ranges, it is usually desirable 
to manifold them to common heating and 
cooling systems. Media frequently em- 
ployed are the liquid and vapor phases 
of water or organic compounds (4). 
Dowtherm (2) is a commonly used or- 
ganic heat-transfer material which, for 
heating purposes, is generally employed 
in the vapor phase to take advantage of 
the latent heat of vaporization (1). 
However, vapor is not well suited to the 
control by cooling of exothermic reac- 
tions, and installations utilizing vapor 
require either gravity or forced return of 
condensate to the vaporizer (3). Grav- 
ity return of condensate requires a sub 
stantial difference in elevation between 
user and vaporizer; forced return neces- 
sitates the installation of a pump at each 
user and thereby increases maintenance 
problems. 

In the authors’ laboratory the specific 
requirement was to heat and cool rapidly 
a number of users over a temperature 
range of 125° to 650° F. The disadvan- 
tages of vapor-phase operation led to the 
design and installation of a liquid-phase 
heating and cooling unit employing 
Dowtherm A (5, 6). 
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Description of Equipment 


The unit consists of essentially indepen- 
dent heating and cooling systems arranged 
to permit simultaneous operation of a num- 
ber of users at different temperatures. Re- 
striction orifices located in the distribution 
headers of both the hot and cold systems 
maintain a pressure differential between the 
supply and return lines. The process vessels 
are connected in parallel between the lines 
and are manifolded to both systems (Fig 
1). Hot Dowtherm to the users is con 
trolled automatically. The cold Dowtherm 
is controlled manually. 

The principal items of equipment are the 
Dowtherm storage and expansion tanks, hot 
and cold pumps, heater, cooler, temperature- 
control instruments and valves, and safety 
devices. Partial specifications for four 
major equipment items are presented in 
Table 

The shell-and-tube heater supplies Dow 
therm at temperatures from 325° to 650° F. 
It will furnish 300,000 B.t.u./hr. while heat 
ing Dowtherm from 600° to 656° F.. and 
will operate satisfactorily at a minimum 
demand of 25,000 B.t.u./hr. Fuel gas at a 
pressure of 8 in. of water is supplied 
through five burners, each 5 in. in diam., 
and a ring-type pilot burner 13 in. in diam 
The hot combustion products pass through 
the heater tubes and vent through a 10-in. 
stack, on which is installed a draft hood 

Dowtherm circulating in the cooling sys- 
tem passes through a water-cooled ex 
changer consisting of three fin-tube sections 
arranged in series to give a total area of 
78 sq. ft. The exchanger will remove 
100,000 B.t.u./hr. while cooling 10,000 Ibs. 
hr. of Dowtherm from 150° to 125° F., with 
inlet and outlet cooling-water temperatures 
of 75° and 85° F., respectively. 
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Both hot and cold Dowtherm are circu- 
lated by means of centrifugal pumps driven 
by 3-hp. motors. Both pumps deliver 30 
gal./min. at 1800 rev./min., with suction 
and discharge pressures of 50 and 80 Ibs./ 
sq.in. gage, respectively. Because of the 


high operating temperatures encountered, 


the hot pump is constructed of steel. The 
shaft on the hot pump is sealed with a 
packed gland consisting of one ring of lam- 
inated aluminum, several rings of metallic- 
faced packing, a lantern ring, and several 
more rings of metallic-iaced packing. The 
seal is cooled by circulating a small amount 
of Dowtherm trom the cold pump through 
the lantern ring 

The Dowtherm storage tank. 3 ft. in diam. 
and 6 ft. long, has a capacity of 355 gal 
and normally operates at atmospheric pres 
sure and room temperature. Relief valves 
located throughout the Dowtherm system 
discharge into a common header, which 
drains into this tank. The expansion tank 
2 ft. in diam. and 6% ft. long, has a capacity 
of 110 gal. and normally operates at 60 
Ibs./sq.in. gage and 250° F. This tank is 
connected to both the hot and cold systems 
and serves to equalize the Dowtherm inven 
tory between the two systems. The storage 
and expansion tanks are equipped witi 
steam coils to prevent solidification of the 
Dowtherm at low ambient temperatures 

Temperature control at the users is main 
tained by an automatic controller in con- 
junction with normally closed solenoid 
valves located in the hot Dowtherm inlet 
The control instrument employs a rotating 
cam to interrupt the flow of current to the 
solenoid valve for an interval dependent 
upon the departure of the temperature from 
the control point. The cam permits a one 
second minimum impulse on a one-minute 
cycle, so that the solenoid valve can be in 
the open position for any interval from 1 
to 60 sec./min 

Instrumentation for the heater is shown 
in Figure 2. The temperature of the Dow- 
therm leaving the heater is controlled by an 
automatic temperature-indicating controller 
(A) actuating an automatic gas valve (B) 
The heater is equipped with a multiplicity 
of safety devices. Should the pilot flame be 
extinguished, a thermocouple-actuated in- 
strument (C) automatically closes a solen- 
oid valve (D) in the pilot gas line and a 
quick-closing valve (E) in the main gas 
line to the burners. The pilot can be re- 
lighted only from a push-button switch (F) 
which opens the solenoid valve and actuates 
a spark-generating device (G) to ignite the 
pilot. The quick-closing valve must be 
manually opened and will remain open only 
when the pilot is burning. Cut-offs (H 
and (1) actuate the quick-closing valve 
should the temperature of the Dowtherm 
exceed an established limit or should the 
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.. level in the heater drop below a 


predetermined minimum. An_ electrical 
failure will also shut the quick-clusing valve 
jand the solenoid valve in the pilot-light gas 
Hine. When the quick-closing valve is shut 
by any of the safety devices, a horn indi 
cates this fact to personnel. 


Installation and Start-Up 


\s a saiety consideration, the major items 
of equipment for both the hot and cold 
systems are housed in a small annex outside 
the laboratory. The interior of this annex 
is shown in Figure 3. The heater is sur- 
rounded by a low concrete wall which would 
serve to retain Dowtherm accidentally es- 
caping from the The safety devices 
and temperature controls are adjacent to the 
heater, with the pilot-light push-button 


vessel 


TABLE 1 


Item 


Type 
Material Circulating 


Design Temperature, 


Design Pressure, Ibs./sq.in. gage . 


Heat-Transfer Area, sq.ft 


min 


Design Capacity: gal 
M Btu 


hr. 
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Fig. 1. Dowtherm system. 


switch just inside the door of the annex. 
The storage tank is at a low point in the 
system to permit gravity return of the bulk 
of the Dowtherm if it should be necessary 
to drain the unit 

All piping is of welded construction, with 
ring type flanged joints only where neces- 
sary to facilitate removal of lines for main- 
tenance. Water in the system might cause 
hydrolysis of Dowtherm at elevated tem- 
peratures and might also vaporize with 
explosive violence if it should enter the 
fired heater. Consequently careful attention 
was given to the elimination of water by 
air-blowing the lines prior to imstallation. 
Vent valves are located at high points in 
the piping to facilitate removal of any air 
and water that accumulate when the system 
is in operation. 

As Dowtherm 
most minute 


will escape through the 
openings, a stringent testing 


—PARTIAL 
Hot Pump Cold Pump 


Centrifugal Centrifugal 


Hot Dowtherm Cold Dowtherm 
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procedure was carried out. To locate and 
repair leaks before the system was charged 
with Dowtherm, the piping was subjected 
to an air test at 100 lb./sq.in. gage. The 
system was then filled with Dowtherm and 
pressured hydrostatically to approximately 
600 Ibs./sq.in. gage. Leaks found during the 
latter test were repaired after the faulty 
sections of line were drained, removed, and 
purged with steam. 

When the testing procedure was com- 
pleted, the system was again filled by hand- 
pumping Dowtherm into the storage tank 
and thence through the system by means of 
the hot and cold pumps. Dowtherm at room 
temperature was circulated through the sys- 
tem for several days to flush the piping and 
to check the operation of the pumps; lines 
were vented frequently and temporary 
strainers, which had been installed upstream 
of all major items of equipment, were re- 
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moved occasionally and cleaned. The ex- 
pansion tank was then pressured with nitro- 
gen to approximately 60 Ibs./sq.in. gage to 
maintain Dowtherm in the liquid phase at 
operating temperatures. The heater was 
fired and the Dowtherm temperature was 
increased slowly. When predetermined 
temperatures were reached, materials were 
charged to the users and temperature-con- 
trol instruments were checked. 


Operation of Unit 


Under normal operating conditions, 
the automatic control on the heater is set 
to provide Dowtherm slightly above the 
temperature desired at the hottest user. 
The automatic instrument controlling 
the particular user is then adjusted for 
the desired temperature and the by-pass 
around the solenoid control valve is 
opened. When the predetermined oper- 
ating temperature of the user is ap- 
proached, the needle valve upstream of 
the solenoid valve is opened and the by- 
pass valve is closed. If too much hot 
Dowtherm is being supplied through the 
solenoid valve at the minimum open time 
of one second, the needle-valve setting is 
correspondingly reduced; such adjust- 
ments are necessary when the temper- 
ature of the entering Dowtherm is con- 
siderably above the desired user temper- 
ature. Users operating at temperatures 
considerably below that of the hot stream 
are controlled by blending hot and cold 
Dowtherm at the user. The cold Dow- 
therm is added at a constant rate, and 
the automatic instrument in the hot 
stream varies the input to maintain the 
user at the predetermined temperature. 
The Dowtherm from the user may be 
discharged into either the hot or cold 
return line, the choice depending upon 
the temperature of the exit Dowtherm 
and the heat loads on the systems. 

The liquid-phase Dowtherm unit ce 
scribed has been in service for three 


years. Endothermic reaction tempera 
tures ranging from 200° to 550° F. have 
been automatically controlled within 
3° F. maximum deviation. Although the 
unit was also designed to control exo- 
thermic reactions, such operations have 
not yet been carried cut; however, ex- 
perience gained thus far has indicated 
that the equipment is capable of con- 
trolling exothermic reactions. A larger 


unit has been designed for use with 
other pilot-scale equipment. This unit 
will furnish Dowtherm at temperatures 
ranging from 325° to 650° F. with an 
output of 1,000,000 B.t.u./hr., and will 
provide for removal of 500,000 B.t.u./ 
hr. 
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Discussion 


H. C. McKee 
Co., Austin, 
experience 


(Jefferson Chemical 
Tex.): Do you have any 

which would indicate how 
the system might operate with an inter- 
mittent or varying heat demand such as 
heating a reacior to initiate an exo- 
thermic reaction and then cooling to 
remove the heat evolved? 

J. E. Friden: That is the type of 
operation that we anticipated in the 
original design. The heating system 
would be employed to initiate the reac- 
tion. When the reaction has started and 
heat is being liberated, the cooling sys- 

} tem would come into play to control the 
temperature. 

One might conceivably be interested 
jin obtaining some idea of the liquid- 
}Dowtherm coefficients compared with 
ithose of Dowtherm vapor or of other 

forms of heating. The accompanying 
figures are based on the heating of var- 
nishes in kettles. (See Table A.) 

In the instances cited, the liquid and 
vapor coefficients are about the same. 
}Under conditions involving materials 
Nsuch as greases, which we were proc- 
re or varnishes, the controlling re- 
sistance is usually the grease or varnish 
film. In other cases, the Dowthern film 
itself might be controlling, with consid- 


Over-all 
Coeff. 
Heat- 
Equip- 
ment 


B.t.u./ 
(hr.) (sq.ft. ) 


ing 
Medium 
Kettle 
Jacketed 

kettle 
Jacketed 

kettle 


Hot gas 
Dowtherm 
vapor 
Dowtherm 
liquid 


*Dow Chemical Co., “Dowtherm—The 
Heat Transfer Medium for High Tem- 
peratures.” 


1-3 
20-50 
15-40 


erable difference between liquid and va- 
por coefficients. I have no data at hand 
on coefficients for heating and cooling 
Dowtherm itself. 

J. E. Pierce (Dow 
Midland, Mich.): How well are you 
satisfied with your horizontal centri- 
fugal pumps as far as leakage of the 
stuffing box? We have found that we 
like to use sump-type pumps where the 
stuffing boxes are out of the liquid. 

J. E. Friden: In the initial installa- 
tion we employed a mechanical seal in 
the packing gland. This was not satis- 
factory, either because of faulty instal- 
lation or because the seal cou!d not 
withstand the rigorous service. 

In the present installation, we have 
a stuffing box which is sealed with a 
ring of laminated aluminum, several 
rings of metallic face packing, a lantern 
ring, and several more rings of metallic 
face packing. We pipe a small amount 
of Dowtherm from the discharge of the 
cold pump and supply it to the lantern 
ring, to flush and cool the packing gland 


Chemical Co., 


in the hot pump. This arrangement 
has given satisfactory service. 

Anonymous: We have a similar sys- 
tem using Monsanto’s Aroclor No. 1248. 
I wonder if you have done any work 
with Aroclor and what advantages there 
are compared with Dowtherm? 

J. E. Friden: We have not evaluated 
Aroclor No. 1248 as a_heat-transfer 
material. 

E. W. Neben (The Pfaudler Co., 
Rochester, N. Y.): I think I can add 
something about different heat-transfer 
mediums. Materials like Aroclor 1248 
or heat-transfer oils don’t have to be 
pressured like Dowtherm in order to 
keep them liquid. This permits less 
costly equipment design and minimizes 
the possibility of leakage. 

Dowtherm is more hazardous and 
harder to hold in a closed system. More 
safety devices are necessary with it. 

Heat-transfer coefficients are com- 
parable on an over-all basis as the ma- 
terial in the reactor usually governs this. 

Dowtherm costs less per pound than 
the Aroclor 1248 and heat-transfer oils. 
There is also the possibility of dissocia- 
tion of the Aroclor when high tempera- 
tures are reached. These might be con- 
sidered as disadvantages. 

In any event, before using any of the 
Aroclors or heat-transfer their 
characteristics should be investigated 
with their manufacturers for the par- 
ticular application. 


(Presented at A.I.Ch.E. Meeting, At- 
lanta, Ga.). 


oils, 


SYNTHESIS OF AMMONIA AT 350 ATMOSPHERES 


Tennessee Valley Authority, 


ROCESSES for the production of 

ammonia may be classified as low- 
or high-pressure processes according to 
the pressures to which the hydrogen- 
nitrogen mixture is subjected during 
synthesis. About 70 per cent of the syn- 
thetic ammonia in this country, and in 
the world, is produced by low-pressure 
processes, which are considered to be 
those operated at 130 to 350 atm. This 
paper describes the general flow system 
in the synthesis section of low-pressure 
processes and several converters that are 
typical of those used in these processes. 
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Lawrence Hein, now chief of the defense processes 
section of the Tennessee Valley Authority's Division of 
Chemical Development at Wilson Dam, Ala., joined 
TVA in 1947 as a project leader. 
in connection with process studies on ammonia and 
nitric acid and pilot-plant development of new processes. 
Prior to his association with TVA he was on the chemical 
engineering staffs at Michigan State College and the 
University of Arkansas. 
and M.S. degrees from Oklahoma A. and M. College 
and his Ph.D. from Michigan State College. 


His work has been 


He received his B.S. (1937) 
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PREHEATER 
STEAM 
AMMONIA GAS 
TO REFRIGERATION — 
Cl TOR 
AC PLANT 
SEPARATOR CONVERTER 
To 
RES comet 
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WEIGH 
AMMONIA 
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Fig. 1. Flow diag for the ia synthesis section of TVA plant. 


Preparation of Synthesis Gas. Most 
of the synthetic ammonia plants in this 
country obtain their hydrogen through 
reaction of natural gas with steam in 
the presence of a nickel catalyst or 
through reaction of coke with steam in 
water-gas sets; reformed gas and water 
gas, respectively, are produced. The 
nitrogen requirement usually is supplied 
through addition of air or of flue gas to 
the reformed gas or through addition of 
nitrogen-rich gas from the blow run of 
the water-gas sets. 

Methods used for purifying the hydro- 
gen-rich gas in plants that use coke or 
natural gas are quite similar. Carbon 
monoxide in the gas is oxidized to car- 
bon dioxide by the well-known water- 
gas shift reaction; the gas then is 
brought to synthesis pressure in multi- 
stage compressors. The bulk of the 
carbon dioxide in the gas is removed 
at a pressure of from 15 to 20 atm. by 
scrubbing with water or by scrubbing 
with monoethanolamine solution (Gir- 
botol process). Residual carbon mon- 
oxide, carbon dioxide, and oxygen are 
removed by scrubbing with a copper 
ammonium formate solution at about 120 
atm. If the carbon dioxide content of 
the gas has not been lowered to tolerable 
limits in the copper solution scrubber, 
the gas ordinarily is scrubbed with 
caustic solution. 

Purification and compression of the 
gas are carried out simultaneously, puri- 
fication being an interstage operation. 

Plants using by-product gas from 
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electrolytic cells or coke ovens have puri- 
fication systems differing from those 
just described because of the difference 
in contamination, 


The discharge pressure from the final 
stage of compression is governed by thé 
process used and by the operating condi< 
tions in the synthesis section. 


Fig. 2. Ammonia syn- 

thesis converter used in 

Fauser - Montecatini 
process. 


Courtesy Montecatini Co 
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EXCHANGER 
BY-PASS 


Synthesis. 
from 


Synthesis of ammonia 


hydrogen and nitrogen occurs 


according to the following equation : 


1% % NH, 


+ about 13,000 cal. (1) 


To obtain an acceptable reaction rate, the 
synthesis is carried out under pressure, 
at elevated temperatures, and in the 
presence of a catalyst. Even then the 
yield of ammonia is so low that recycling 
of unreacted! gas is practiced. Because 
of economic reasons, ammonia is not re- 
moved completely from the synthesis gas. 
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A flow diagram of the synthesis section 
of the Tennessee Valley Authority am- 
monia plant, which is typical of low- 
pressure processes, is given in Figure 1. 


Fresh synthesis gas, together with recycle 
synthesis gas, is passed through a filter 
where oil and other liquid or solid particles 
are removed 

From the filter, the gas flows to an am- 
monia-cooled condenser where the ammonia 
content of synthesis gas is decreased to 
about 4 per cent. The amount of NH, re- 
moved varies widely because the ammonia 
content of the gas to the condenser is de- 
pendent on the effectiveness of the water- 
cooled condenser that is employed for the 
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removal of ammonia from the gases as they 
leave the converter. 

A second function of this condenser is to 
remove impurities such as carbon dioxide 
and moisture, which are harmful to the 
synthesis catalyst. The addition of make-up 
gas ahead of the condenser in the synthesis 
circuit increases the size of condenser re- 
quired ; however, refrigeration of make-up 
gas has been found to be an effective means 
of purification. 

From the ammonia-cooled condenser, the 
gas is passed through a separator, a heat 
exchanger, and then into the synthesis con- 
verter. Warm water from the water-cooled 
condenser is used in the heat exchanger. 

The ammonia converter is a combination 
of heat exchanger and catalyst basket. Here 
the synthesis gas is heated further and re- 
action between hydrogen and nitrogen oc- 
curs. Incoming gas is heated through ex- 
change with outgoing gas and the heat of 
reaction in the catalyst is sufficient to main- 
tain catalyst temperature. Although the 
ammonia content of the gas at equilibrium 
is increased by high pressure and low tem- 
perature (2), a catalyst temperature of 
about 500° C. is used to obtain a satisfac- 
tory rate of reaction. When the catalyst 
loses activity, it is necessary to increase the 
temperature gradually. Most converters 
operate at a space velocity of 10,000 to 
20,000 cu.ft. (S.T.P.) of effluent gas/(hr.) 
(cu.ft. of catalyst). Within limits, increas- 
ing the space velocity results in increased 
production; however, excessive space ve- 
locity disturbs the thermal balance in the 
converter and increases the difficulty of am- 
moria recovery because of the lower con- 
centration of ammonia in the gas. 

Methane and argon in the raw gas pro- 
duced from natural gas or coke are not 
removed in the purification system and 
therefore accumulate in the recycling gas. 
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Fig. 4. Ammonia synthesis converter used in 
Nitrogen Engineering Corp. process. 
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Although methane and argon do not ser- 
iously deactivate the catalyst, their presence 
decreases the rate of the synthesis reaction 
by decreasing the partial pressure of hydro- 
gen and oo and by dilution of reac- 
tants (7). Inerts are removed from the 
closed synthesis circuit by purging and by 
dissolving in the product ammonia. 

Deviation from a 3:1 hydrogen-nitrogen 
ratio in the gas to the converter also de- 
creases ammonia production capacity. 

From the converter, the gas is passed 
through a water-cooled condenser a then 
through a separator for the removal of a 
portion of the ammonia. The proportion of 
ammonia removed varies with the temper- 
ature of the water and the condition of 
operation of the converter; during normal 
operation from one half to two thirds of 
the ammonia in the gas is removed at this 
point; as stated previously, additional am- 
monia is removed after condensation in the 
ammonia-cooled condenser. 

From the ammonia separators the syn- 
thesis gas is compressed in a circulator to 
restore the pressure lost because of fric- 
tion and decrease in gas volume and then 
is combined with fresh make-up gas in the 
filter. 

Ammonia in the purged gas is removed 
by refrigeration and by scrubbing with 
water, and the remainder of* the gas is 
vented to the atmosphere. Ammonia is 
stripped from the water solution. Dissolved 
gases in the liquid ammonia are released 
when the preswre on the ammonia is re- 
duced before the ammonia is placed in stor- 
age. Ammonia that escapes with these gases 
is recovered in the same equipment as that 
used for the recovery of ammonia from the 
purged gas. 


Synthesis Converter. The synthesis 
converter is the heart of the plant. To 
provide for proper operation of this 
relatively small piece of equipment, much 
equipment is needed for gas production, 
purification, and compression. 

The most important factors in the 
design of a converter are the arrange- 
ment of heat exchangers so that gas is 
made to flow through the converter in 
such a way as to maintain an optimum 
catalyst temperature, design such that 
no sudden changes in temperature occur 
anywhere, and the use of construction 
materials capable of withstanding pres- 
sures, high temperature, and chemical 
attack. 

Temperature control is extremely im- 
portant because the attainment of a re- 
action rate high enough to make the 
process economically feasible requires 
operation at a temperature near that at 
which catalyst deactivation becomes 
rapid and materials are attacked at an 
appreciable rate. Heat released from the 
synthesis reaction is not uniform 
throughout the catalyst bed and hence 
there is a tendency toward localized 
overheating. Furthermore, the “hot 
spot” is shifted through changes in the 
conditions of operation and through 
aging of the catalyst. Therefore, in the 
ideal converter, it is desirable to control 
the removal of heat at each point in the 
converter. Such a converter has not been 
developed but there are converters that 


Vol. 48, No. 8 


approach this ideal arrangement. In 
other converters the heat exchangers 
and the flow of gas are arranged to 
minimize the temperature difference in 
the catalyst that is caused by the heat 
of reaction. 

Alloyed tubes are used in the heat 
exchangers of modern converters. The 
arrangement is such that the exchanger 
tubes, which operate at high tempera- 
tures, are not required to withstand 
pressure differentials and the converter 
shell, which has synthesis pressure on 
one side and atmospheric pressure on the 
other, is kept at a low temperature to 
prevent weakening of metal. 

Shell temperatures are kept low by the 
flow of cool gases next to and inside the 
shell and through use of an insulating 
material between the cool gases and the 
internals of the converter. 

Ammonia synthesis converters may 
be considered to be of two types. One 
type employs layers of catalyst with 
means for cooling the gases between 
layers. This type, in which the temper- 
ature of the gas is controlled at various 
levels in the converter, is an approach 
to point-by-point temperature control 
and is exemplified by the Fauser-Monte- 
catini converter as shown in Figure 2 
and by the converter designed by the 
M. W. Kellogg Co. as shown in Fig- 
ure 3. The Nitrogen Engineering Corp., 
Tennessee Valley Authority, and Mont 
Cenis processes employ converters in 
which gas flow and heat exchangers are 
arranged to minimize temperature differ- 
ence in the catalyst. The NEC con- 
verter is shown in Figure 4. The TVA- 
type converter as designed by C. O. 
Brown for the TVA is shown in Figure 


Fauser-Montecatini Converter. The 
most recent modification of the Fauser- 
Montecatini converter (Fig. 2) is unique in 
that steam is produced from surplus heat 
generated by the synthesis reaction. Syn- 
thesis gas enters the converter at (13), 
passes through the shell side of heat ex- 
changer (7), flows upward in the annular 
space between the converter shell and cata- 
lyst basket, downward over the layers of 
catalyst (1-6), and through the exchanger 
tubes (7) to the converter outlet. The tem 
perature of the gas during its upward and 
downward flow and its ammonia content 
also are given in the figure. Feed water 
enters an economizer (8), which may or 
may not be used, passes to flash chamber 
(11), through a circulation pump (10), 
through the converter shell to coils (17) 
in the converter, and through the converter 
shell (12) back to the flash chamber 
all (9) are used to control the rate of 
water flow through the coils at various 
levels and thereby control the temperature 
in the converter. 


The following data are said to apply 
to the Fauser-Montecatini converter : 
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Fig. 5. Ammonia synthesis converter used in 


TVA process. 
| 
Working pressure, atm 300 
Ammonia production, tons NHs/day .. 55 
Ammonia content of gas, % 
Inlet to converter 15 
Outlet from converter . 20.0 
Temperature of gas, * C 
Inlet to converter 20 
Outlet from converter 100 


Steam production, 150 tb./sq.in. gage, 


steam 
Ib. NH» produced 


Advantages claimed for the converter 
are (1) increased thermal efficiency to 
produce steam from surplus heat and 
(2) improved control of catalyst tem- 
perature to increase ammonia production 
capacity and decrease power consump- 
tion for gas circulation 

Montecatini has recently installed this 
type converter at its Merano and Novara 
works in Italy. (Information on the 
converter was supplied by the Monte- 
catini Co., Milano, Italy.) 


Kellogg Converter. In the Kellogg 
converter (Fig. 3) gas enters the converter 
at (1), passes down the annular space be- 
tween the shell and internals of the con- 
verter to the bottom of the heat exchanger 
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(2), upward through the shell side of the 
heat exch inger (6), through center pipe of 
pthe catalyst basket (5), downward over the 
layers of catalyst (4), and through the 
}heat-exchanger tubes to outlet (7). Gases 
i r control of temperature by quenching 
between catalyst layers enter at (3). The 
degree of preheat of the gas to the top of 
the catalyst is controlled by the by-passing 
1 portion of the inlet gas around the 
heat exchanger. The inlet for the by-pass 
Bas ts at the bottom of the converter at (8). 
lhe converter operates at about 350 atm., 
Jand 80 cu.ft. of catalyst is employed. The 
converter is og to produce 100 tons 
ot ammonia/day. Catalyst life experienced 
in this converter has been about four years 
(Information on the converter was sup- 
plied by Commercial Solvents Corp.) 


NEC Converter. The NEC converter 
(Fig. 4) is an example of the type in which 
temperature differences in the catalyst are 
minimized by the arrangement of heat ex- 
changers and gas flow. This converter is 
designed by the Chemical Construction 
Corp. 

The converter consists of a heat ex 
changer in the lower section and a catalyst 
basket with cooling tubes in the upper sec 
tion. The main gas flow enters near the 
top of the converter at (1), flows downward 
through the annular space next to the out 
side shell and enters the bottom of the heat 
exchanger section (2) outside the tubes. 
Near the top of the heat exchanger (3) the 
gas is mixed with cold by-pass gas in such 
proportion as to give the desired operating 
temperature in the catalyst 

The cooling tubes (4) in the catalyst 
basket are of double pipe sections. Gas 
flows upward through the inner pipes, down- 
ward through the annular spaces to a 
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header, upward again through a collecting 
tube (5), downward through the catalyst 
outside the tubes (6), and then through the 
heat-exchanger tubes (7) to the converter 
outlet (8). Heat exchange to control cata- 
lyst temperature is between gases inside and 
outside the cooling tubes in cocurrent flow 

The convert is fabricated in two sizes 
of 700 and 800 mm. diam. The smaller one 
contains 53 cu.ft. of catalyst and the larger 
one contains 70 cu.ft. At 350 atm. these 
converters will produce from 1.5 to 1.9 tons 
of ammonia/(cu.ft. of catalyst) (day) de- 
pending on the concentration of inerts in 
the recycle gas, temperature of cooling 
water, and amount of refrigeration em- 
ployed in the process. 

An electric heater (9), located in the gas- 
collecting tube (5), is provided for heating 
the gas used to preheat the converter. The 
heater also may be used to control the tem- 
perature of the gas entering the catalyst. 
It is claimed that the heater usually has a 
life equal to that of the inside metal parts 
of the converter. (Information on the con- 
verter was supplied by the Chemical Con 
struction Corp.) 


TABLE 1 


TVA Converter. This converter also 
is designed for gas flow and heat exchange 
to minimize temperature differences in the 
catalyst (Fig. 5). The main flow of syn- 
thesis gas enters the bottom of the con- 
verter at (1) and is preheated by counter- 
current heat exchange (2) with hot gas 
flowing downward from the catalyst. Gas 
leaves the converter at the bottom (5) 
Synthesis gas for cooling the outside shell 
of the converter enters the top (3), passes 
down the converter through the ‘annular 
space next to the shell, and mixes with the 
main gas flow at the base of the exchanger. 
Gas that is by-passed around the exchanger 
to control catalyst temperature enters the 
bottom of the converter at (4) and mixes 
with the remainder of the synthesis gas in 
the upper part of the heat exchanger. 

The converter, which contains 144 cu.ft. 
of catalyst, is operated at a pressure of 
from 250 to 350 atm. The amount of cata- 
lyst in this converter exceeds the presently 
installed capacity for compressing synthesis 
gas. Ammonia production from this con- 
verter is about 140 tons/day. 


Aside from structural differences be- 
tween this converter and the NEC con- 
verter, heat transfer in the TVA cata- 
lyst basket is accomplished through 
countercurrent flow of gas whereas in 
the NEC catalyst basket the flow is co- 
current. Considerable controversy has 
existed among designers as to whether 
countercurrent or cocurrent gas flow 
in the converter is more effective in 
maintaining optimum temperatures 
throughout the catalyst. Calculations in- 
dicate that at normal operating condi- 
tions the mean-temperature difference 
between gas inside the tubes and that 
passing through the catalyst is about the 
same for either type of flow. Satisfac- 
tory control of catalyst temperature by 
either method is indicated by the fact 
that both types of converters have given 
efficient operation for prolonged periods. 

A gas-fired heater located outside the 
converter is used for heating the syn- 
thesis gas with which the TVA con- 
verter is brought to operating tempera- 
ture. Because of the time required to 
place the heater in operation, heat from 
this source cannot be supplied quickly 
to supplement heat of reaction as is de- 
sirable occasionally. 


Mont Cenis Converter. The converter 


used in the Mont Cenis process, which 
operates at about 160 atm., also is designed 
to minimize temperature differences in the 
catalyst. Preheated gas from heat exchang- 
ers located outside the synthesis converter 


SPECIFICATIONS FOR TUBING AND AUXILIARIES USED 
IN ‘T 


TVA SYNTHESIS PLAN 


Part 


cold gas 
6 in. O.D. by Lp 
5%-in. O.D. by 2%-in 
4-in, O.D. by 2-in. LD. 
Tubing for hot gas 
Flanges 
Studs and nuts 
Studs 
Nuts 


Tubing for 
fin 
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Specifications 


J SAE_4150X, with tolerances per ASTM 
i A200-40 

ASTM-A192-40 

ASTM-A192-40 

SAE 6120 

A182-39 Class Fl 


JSAE 4140 with physical properties per 


1 ASTM-A96 Class 
ASTM.-A194 Class 2 H 
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enters the converter at the bottom and 
travels upward in the space between the 
shell of the converter and catalyst basket. 
The gas is heated further by passing 
through tubes in the catalyst bed. The gas 
flows downward through the inner of two 
concentric tubes, then upward through the 
annular space between the tubes, and out 
to the top of the catalyst bed. The tubes 
extend downward the length of the catalyst 
bed. From the tubes the gas flows down- 
ward through the catalyst and leaves 
through the bottom of the converter 

The converter is charged with 16 tons of 
catalyst and is capable of producing 200 
tons of ammonia/day when operated at 
20,000 space velocity. The life of the cata- 
lyst in this converter is reported to be about 
four years 

A Information on the converter was sup 
plied by the Shell Chemical Corp.) 

Catalyst. The most widely used 
catalyst for ammonia synthesis is one 
of iron promoted with aluminum and 
potassium oxides. As prepared in the 
oxidized state, the catalyst contains 1 to 
3% aluminum oxide and about 1% 
potassium oxide. It is preferable that 
ferrous and ferric iron be present in a 
ratio of 1 to 1. The iron in the catalyst 
is reduced to the metallic state in the 
converter with hot synthesis gas. Details 
for the manufacture of this type of 
catalyst have been published by Bridger 
et al. (7) 

It is desirable that a catalyst for syn 
thesis of ammonia have a long, useful 
life because, aside from the cost of the 
catalyst and the time required to replace 
it, the procedure for shutting-down and 
starting up a synthesis train is intricate 
and time-consuming. Labor plus loss of 
production during a shutdown makes 
replacement of catalyst expensive. For 
this reason care is taken during the 
manufacture of a catalyst to prevent its 
contamination. After reduction, the 
catalyst is extremely sensitive to poison 
ing by oxygen, carbon oxides, sulfur, 
phosphorus, chlorine, and other sub- 
stances (J). During normal plant oper- 
ation, the oxygen content of the gas 
usually is nil and the carbon oxides 
content is kept below 10 p.p.m. A car- 
bon oxide content in the gas of only 50 
p.p.m. ordinarily is not tolerated for 
more than 15 min. 

After seven and one-half years o 
service the catalyst in the TVA plant 
was removed because of the high pres 
sure and temperature required in the 
synthesis converter to maintain produc 
tion. After the catalyst was removed 
from the converter, the apparent de- 
crease in activity was investigated by 
testing the catalyst in a small converter 
in the laboratory. The laboratory tests 
showed that, with the small converter 
operated at plant conditions of 320 atm.. 
500° C., and space velocity of 10,000, 
the conversion efficiency of the used 
catalyst was only 67%, whereas that of 
the new catalyst under identical condi- 
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Courtesy AO. Smith Corp 


Fig. 7. Nitriding of heat-exchanger tubes. 


TABLE 2 

4 Inner cooling tube (top) 

B Inner cooling tube (middle) 
© Inner cooling tube (bottom) 
D Outer cooling tube top) ° 
E Outer cooling tube (middle) 
P Outer cooling tube (bottom) 


tions was 92%. Channeling in the plant 
converter, as indicated by temperature 
measurements in the catalyst. probably 
decreased the effectiveness of the cat- 


DEPTH OF NITRIDING OF THE SECTIONS OF TUBES SHOWN IN FIGURE 8 


Inch 
Outside Inside 
0.02 0.015 
0.04 
0.02 0.02 
001 001 


Nitrided throughout 
0.06 0.02 


lyst below that indicated by the labor- 
atory tests. Conversion efficiencies of 
the new and used catalyst at other tem- 
peraturts and at space velocities cf 


TABLE 3.—ENERGY REQUIREMENTS FOR AMMONIA PRODUCTION 


Requirements per ton of ammonia 


From process using coke 


From process using natural gas 


Net Natural Net 
Coke steam used, Electricity, ga steam used, Electricity 
Section of plant tons M ib M kw he MCF M Ib M k r 
Gas production ..... 14 03 0.03 33.5 0.040 
CO conversion .. » 7.3 0.02 
Gas compression— purification 134 1.09 1.00 
Refrigeration 0.53¢ 
Ammonia synthesis . 0.37¢ 
Total . 10.84 1.14 33.5 1.04 
* Natural gas assumed to have a high heating value of 1000 B.t.u./(cuft.)(60° F., 30 in. Hg 
* Based on steam: CO ratio of 7:1. The bulk of this steam is exhaust from steam drives. Indi 
vid ial plant practice may change these values considerably 


*5 per cent of consumption is exhaust «team used for heating copper liquor 
* Values include only that steam condensed in drives 


Courtesy A. O. Smith Corp 


Fig. 8. Nitriding of catalyst-cooling tubes. 
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10,000 and 20,000 are shown in Figure 6. 
Chemical analyses showed that the 
sulfur content had increased from 
0.005% in the unused catalyst to 0.028% 
in the used catalyst and that the phos- 
phorus content had increased from 
0.005% to 0.016%. Sulfur probably 
originated from coke, which was the 
source of the gas, or from oil used in 
the lubrication of the compressors; 
phosphorus probabl$ originated from a 
phosphate plant nearby. Accumulation 
of sulfur and phosphorus probably con- 
tributed to the decrease in ammonia- 
producing capacity of the catalyst in the 
plant converters. Decrepitation of the 
catalyst probably was a_ contributing 
factor also. Screen analysis showed that 
only 38% of the used catalyst was plus 
6 mesh in size; the size of the new cata- 
lyst when charged to the converter was 
minus 3 plus 6 mesh, It is recognized 
a considerable proportion of the 
decrease in size probably occurred dur- 
ing removal of the used catalyst from 
the converter. 
A catalyst during service is extremely 
ipyrophoric and must be oxidized (stabil- 
ized) before being taken from the con- 
Wwerter. Because of the large amount of 
heat released during stabilization, the 
onverter may be damaged if this step is 
ot carried out properly. The following 
procedure has been used successfully in 
1e TVA plant: 


The temperature <. the catalyst was re- 
uced to 20° to 30° by recirculation of 
Bynthesis gas Synthesis gas was bled from 
1€ system until the pressure was reduced 
4 atmospheric and then was replaced with 
Mitrogen until the hydrogen in the system 
was reduced to 0.9%. Air was added in an 
mount such that the resultant gas con- 
Biincd 0.1 to 0.2% oxygen and the gas 
as circulated at a space velocity of 
$24 and a pressure of 4 atm. The catalyst 
Was stabilized in 24 hr., during which the 
—— temperature of the catalyst was 
aintained below 100° C. and the maximum 
temperature rise per minute was held below 
0.26° C. through control of the oxygen con- 
tent of the gas. After the stabilization 
treatment, the catalyst was removed from 
the converter and exhibited no evidence of 
excessive heating. 


Materials of Construction. Gases in 
the TVA ammonia synthesis plant are 
transported through a number of differ- 
ent types of steel tubing. Specifications 
for tubing, flanges, studs, and nuts are 
shown in Table 1. 


Materials within the synthesis converter 
are subjected to high temperature and 
pressure but the stresses due to pressure are 
small since the material is surrounded by 
gas at high pressure. Thermal stresses are 
minimized by careful design. The material 
is subject to hydrogen attack, however, and 
at points of localized temperature increase, 
it is subject to attack from nascent nitrogen 
formed through the cracking of ammonia, 
which may cause shrinkage, cracks, and 
fissures. In general, the metal used must 
be low in carbon, contain chromium to with 
stand hydrogen attack, and contain elements 
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to give satisfactory high-temperature pro- 
perties. Some data may be found in the 
literature (3-6) on the effect of hydrogen 
and nitrogen on various metals at high 
temperatures and pressures. 

Figure 7 is an illustration of the extent 
of nitriding of heat-exchanger tubes in the 
TVA converter that occurred during seven 
and one-half years of service. The tubes 
were fabricated of A.I.S.I. Type 501 steel. 
Figure 74 shows the extent of nitriding in 
the hot end of one of the tubes. The steel 
was so embrittled that a slight tap with a 
hammer caused it to shatter. The outside 
of the tube of 0.083-in. wall thickness was 
nitrided to a depth of 0.015 in. and the 
inside was nitrided to a depth of 0.03 in. 
Figure 7B, taken from that part of a tube 
subjected to lower temperature, did not 
show nitriding. Figure 8 shows the extent 
of nitriding of the catalyst-cooling tubes : 
A, B, and C are from the upper, middle, 
and lower sections of an inside cooling tube 
and D, E, and F are from the outer tubes 
at the corresponding points. Both inner and 
outer tubes were f fabricated of A.LS.I. Type 
501 steel. Figure 8E is an_ illustration 
of the most severe nitriding in which the 
tube became embrittled almost throughout 
the wall, and numerous cracks are visible 


The depth of nitriding of the sections 
of tubes (Fig. 8) is shown in Table 2. 


The wall thickness of the outer cooling 
tube was 0.266 in. and that of the inner tube 
was 0.093 in. 

Heating the nitrided tube sections to 925° 
C. and then cooling the section in a labora- 
tory furnace apparently diffused the nitro- 
gen to the extent that the material was 
ductile. This is very likely the only heat 
treatment that could be used to improve 
ductility of the material under discussion 
since other heat treatments up to 650° C. 
were ineffective. 

It has been Stated that 
501 steel has given satisfactory service 
for ten years at temperatures up to 
500°C. Above 500°C., the rate of 
nitriding increases. At temperatures 
540° C., A.LS.L. Type 304 stain- 
less steel might give better service (3) 
than A.LS.1. Type 501 steel in that the 
nitriding action is and embrittle- 
ment does not proceed below the 
depth. (Much of the information 
garding materials of construction 
supplied by the A. O. Smith Corp.) 

The outside shell of the converter 
vessel can be fabricated from steel of 
high tensile strength because its main 
requirement is to withstand the pressure 
of gases in the converter. A liner of 
chromium steel usually is placed inside 
the shell to protect it from chemical at- 
tack. In all modern converters the shell 
is insulated from the high temperature 
inside the converter by a flow of gas 
through an annular space between the 
shell and internal parts. 


S.I. Type 


above 


slow 
case 

re- 
was 


Energy Requirements, Energy re- 
quirements represented by the demands 
of coke or natural gas, steam, and elec- 
tricity for the production of ammonia at 
350 atm. are given in Table 3. Only the 
requirements for processes based upon 
the use of coke and natural gas as raw 
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materials are given because of the ex- 
tensive use of these raw materials in the 
synthetic ammonia industry. Energy is 
given in the table because this is a basic 
requirement, whereas maintenance, la- 
bor, and other miscellaneous items are 
more dependent on the physical condition 
of the plant. Aside from the energy re- 
quirements, water (preferably cool) also 
is needed in large quantities. Values in 
the table are based upon the effective 
removal of the carbon dioxide by means 
of water scrubbing; consumption of 
electric power would be less and con- 
sumption of steam greater if mono- 
ethanolamine solution were used for this 
purpose. 

Quantities in the table are based upon 
the use of steam drives for circulators 
for ammonia synthesis gas, refrigeration 
machines, copper liquor pumps, and 
semiwater gas blowers ; large, multistage 
compressors for synthesis gas and all 
minor equipment are driven electrically. 
It is customary to employ some steam 
drives, particularly when synthesis gas 
is obtained from semiwater gas because 
of the high demand for exhaust steam 
for carbon monoxide conversion. 
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CORRECTICN 


In “Studies of Bubble Forma- 
tion,” by D. W. van Krevelen and T. J. 
Hoftijzer, printed in the January, 1950, 
issue of “C.E.P.” the following inac- 
curacies have been noted. In Figure 4, 
on page 33, which represents a general 
correlation for the critical flow rate of 
2 bubbling gas, the unit in which Vg is 
expressed is cubic meters per second. 
Also on this graph lines 3 and 4 are 
reversed and the data of Breitner and 
of Maier are transposed. 


Gas 
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THE CHEMICAL ENGINEER —A REGIONAL SURVEY 


N the next few pages, Chemical 

Engineering Progress publishes 
the results of a survey which, in the 
editor's opinion, is one of the most 
interesting yet run on chemical engi- 
neers. The survey was made by a joint 
committee of the New York and New 
Jersey Sections of the American Insti- 
tute of Chemical Engineers, and infor- 
mation was asked only of members of 
the Institute living in those two states. 


Survey Philosophy 


Behind the questionnaire was the 
desire of the committee to know more 
about what manner of men our fellow 
professionals were. Heretofore in sur- 
veys chemical engineers were nothing 
more, statistically speaking, than points 
on a survey curve. Little was known 
about the chemical engineer as an indi- 
vidual, still less was known about how 
he thought on social problems. There 
were many popular opinions as to his 
foibles, and the committee had an earnest 
desire to come as close to the truth about 
him as an individual as possible. Aside 
from studying his salary (and this is 
still of primary interest to the great 
majority of our readers), the committee 
wished to learn the truth of certain popu- 
lar ideas about the chemical engineer 
which had been giving in recent years 
the appearance of becoming classical. 
We wished to know, for instance, 
whether or not he was sorry he had 
become an engineer, whether he wished 
his children to become engineers, was his 
education, difficult as it was, inadequate 
for the task industry was asking of him? 
Had his pragmatic approach, and his 
scientific background also, made him a 
nonbeliever ? Had salaries failed to keep 
up with the times ? 

With these views in mind the com- 
mittee set up an extensive question- 
naire, and sent it to the members. 

The task of comparing, and deter- 
mining the results was divided among 
the committee members. As the ques- 
tionnaires were returned, the pages were 
separated, a number being stamped on 
the back of each page, and sent to the 
committee members charged with the re- 
sponsibility of correlating information 
in each particular field. Thus background 
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information went to C. W. Weil, Chas. 
Pfizer & Co., Inc., the page of the ques- 
tionnaire dealing with education was 
sent to J. W. Hemphill, Johns Man- 
ville Sales Corp., the salary study, 
which had an enormous amount of sta- 
tistical labor attached to it, was divided 
between W. T. Dorsheimer and Mason 
L. Downing. The information on hopes 
and ambitions was compiled by R. L. 
Demmerle, General Aniline & Film 
Corp. 

By such a division the anonymity of 
each respondent was guaranteed. In case 
of doubt, or ambiguity, the numbering 
system on the back of each page allowed 
checking between the various sections 
in case it was needed. Thus when the 
committee members came across a com- 
paratively young man claiming a salary 
far and beyond the typical experience 
for his age, they were able to determine 
whether, based on his worldly posses- 
sions and background, such a salary was 
likely. 

The survey had its faults, and this is 
admitted by the committee. One was 
its limitation to the New York and New 
Jersey area, another is the fact that in 
the metropolitan ared, salaries are higher 
than for the country as a whole. 

At the time the survey was being made 
we had access to another salary curve, 


Median Salary 
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30. 40 50. 60 70 
Age 
Fig. 1. Comparison of salaries of different pro- 
fessions. 


(1) Chemical engineers 
(2) Physicians 

(3) Dentists 

(4) Lowyers 
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compiled by the Engineers Joint Coun- 
cil. This survey is shown for com- 
parison in some of the curves on sal- 
ary, and in Figure 1 of this introduction. 
From this curve one can see that the 
assumption made above, that salaries in 
the New York and New Jersey area are 
higher than in the country as a whole, 
has validity. 

Regarding the other phases of our 
results: we believe that this sample, 
representing the thousand-odd valid 
returns, will hold for the rest of the 
country. We believe that should a survey 
be made for the whole Institute member- 
ship covering education, background and 
hopes, there wouid be little change from 
the present conclusion. 

As far as the physical facts of the 
questionnaire are concerned—it was five 
pages long, went to 2,220 members, and 
returns were received from 1,067 mem- 
bers, a return of 48%. 

The committee feels that the results 
have warranted the effort, and that the 
statistical picture of the chemical engi- 
neer shows him to be among the elite 
salarywise, in his relations with his 
fellow man, and in his aspirations. As 
far as his background is concerned, he 
is as American as quahog chowder and 
barbecued spareribs. 

The committee was as follows: 


F. J. Van Antwerpen—Chairman 


L. Demmerle—Future 
W. T. Dorsheimer—Salary 
M. L. Downing—Salary 

J. W. Hemphill—Education 
C. W. Weil—Background 


Salary Comparison 


The Editor must explain Figure 1 in 
this study. On May 6 he gave before 
the New Jersey Section of the A.LCh.E. 
a talk on salary comparisons. A request 
was made at that time that a chart show- 
ing how chemical engineers compared 
with doctors, lawyers, and dentists be 
published. For that reason, and also for 
the comments made in the salary survey 
by W. T. Dorsheimer on doctors’ sal- 
aries, this is done here in Figure 1. By 
way of explaining the source of mate- 
rial, the data on the chemical engineers 
were obtained from the study soon to be 
made public by the U. S. Department 
of Labor, Bureau of Labor Statistics. 
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It covers only the Active members of the 
A.LCh.E. and will be titled, “Employ- 
ment, Education, and Income of Engi- 
neers, 1949-50.” This work was done 
in cooperation with the Federal Security 
Agency, Office of Education, National 
Scientific Register, based on a survey 
made by the Engineers Joint Council 
on behalf of the Department of Defense. 
The information on doctors is based on 
a Department of Commerce study, pub- 


lished in the Survey of Current Business, 
July, 1951. It must be mentioned, how- 
ever, that the published figures cover 
average salary only, and the median sal- 
aries shown on the curve were obtained 
from the Department of Commerce. 
The information on dentists came from 
a study published in the January, 1950, 
Survey of Current Business, and the 
information on lawyers from the Au- 
gust, 1949, issue of the same magazine. 


HIS BACKGROUND 


CARL W. WEIL 


ICTURE if you will our average 
chemical engineer. He’s a man 
about 33 years old who stands 5 ft. 10 in. 
tall. This makes him taller by about 2 
in. than the average inductee of World 
War II. Of his group 35% are 6 ft. tall 
or more. He weighs a hefty 171 Ib. 
He likely has brown hair and blue eyes. 
As to his nationality and origin, he 
) is in a group 94% of whom were born 
bin the U.S.A., with Canadians and Ger- 
mans ranking next. Although generally 
| his parents were born here, 30% of them 
came from foreign countries, with Rus- 
jsia, Germany, Poland, Italy, Austria, 
England, and Canada ranking in that 
order. This percentage of foreign born 
among his parents is more than double 
the average of 13.50 foreign born in 
the U. S. in 1920 (the time of his birth), 
and the preponderance of Russian 
parents is above that expected from the 
national population. The average num- 
ber of persons in the family of his birth 
is 4.9 which is slightly above the average 
for the country as a (See 
Table 1.) 
What the engineer does in his free 
time is another matter of concern. Al- 
most universally he spends a full eight- 


whole. 


TABLE 1 NATIONALITY AND ORIGIN 


Individual Father Mother 


U.S.A 94% 
Canada 1.7 
Germany 1.5 
Others 3.0 


U.S.A. 68% 
Russia 5.6 
Germany 
Poland 

Italy 3.1 
Austria 3.0 
England 29 
Canada 19 
Others 8.6 


100.0 


100.0 


100.0 


Chas. Pfizer & Company 
Brooklyn, New York 


CARL W. WEIL 
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cal engineering at 
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Delaware in 1951. 
Previously he had 
attended Carnegie 
Institute of Tech- 
nology for his Bach- 
lor of Science and Master of Science 
work. He was employed by Carbide and 
Carbon Chemicals Co. prior to and fol- 
lowing a four-year tour of duty with 
the U. S. Army. 


TABLE 2 HOBBIES 


Participation—-96 % 
Hobbies per Hobbyist—2.0 
Sports 
Photography 
Woodworking 
Music 
Gardening 
Reading 
Stamps 
Home Repairs 
Others 


hour day a week on hobbies which 
average two for each hobbyist. As 
shown in Table 2, 42% of the engi- 
neers consider sports the No. 1 hobby. 
Later on in the questionnaire, how- 
ever, 85% of the repliers listed at 
least one sport in answer to the question 
“what sports do you participate in?” 
Photography, woodworking, music, 
gardening, reading, stamps, and home 
repairs followed next in order of popu- 
larity. A more detailed breakdown of 
his sports interests shows he prefers 


Chemical Engineering Progress 


TABLE 3.—COMMUNITY PROJECTS 
% Participation—45.5 
Number of Activities per Participant. 
Hours per Week per Participant 
Major Projects 
Church 
Civic 


Governments and Organiza 


School Organizations 
Fund Raising 
Others 


golf by a three to two margin over 
second-place swimming, then comes ten- 
nis, next hunting, fishing and hiking 
lumped together, and finally bowling, 
which attracts one out of five engineers. 
Following woodworking comes music. 
As it was on the sports question, 
music is not listed as a hobby by 
all the 399% who later in the question- 
naire claim to play a musical instru- 
ment. Skipping over gardening to 
reading, the answers reveal that nearly 
every replier reads an average of 1.3 
newspapers, preferring the New York 
Times and Herald Tribune. Life, Time, 
Readers Digest, and the Saturday Eve- 
ning Post are the favorites in magazines 
with nearly every replier reading an 
average of two magazines. Readership 
of technical magazines is prevalent with 
97% of the repliers listing 2.3 
zines. 


maga- 
Of the group 93% read an aver- 
age of twelve nontechnical books a year 
and 84° read an average of 4.6 technical 
books a year. Naturally, all of this read- 
ing is not hobby reading, but we have 
covered it in this spot because it is re- 
lated. Television-viewing accounts for 
seven hours a week for the 65% of engi- 
neers who have sets and radio-listening 
accounts for five and one-half hours for 
87% of the repliers. 

Evidently, efforts made to interest the 
engineer in community activities have 
borne fruit, since 45% of the repliers 
listed 1.6 activities each, spending three 
and one-half hours a week on these 
activities. The major ones are church 
work, civic government, youth organiza- 
tions, school organizations, fund raising, 
and others. (See Table 3.) 

Concerning the professional activities 
of the repliers: All were members of 
the A.I.Ch.E. Next in order of fre- 
quency were the A.C.S. and A.A.A.S. 
A little more than a quarter of the group 
TABLE 4.—PROFESSIONAL ACTIVITIES 
Societies 

Average Membership per Replier... 1.9 


A.C.8. 
AAAS. 


Patents 


% Holding Patents 
Average Patents per Holder ... 
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litical Preference 


% Po 
Uj 
60} /\ \ Democrat [2x] 
40Fr 4 
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20 
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Graduates 
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Chem Engineers 


Fig. 2. Political preferences of chemical 
engineers. 


held patents, an average of 7.4 patents a 
patentee. 

Now for opinions: The political opin- 
ions of chemical engineers classify them 
among the most conservative element on 
the American scene. The accompanying 
Figure 2 illustrates a comparison be- 
tween political preferences of college 
graduates in general and chemical engi- 
neers. As can be seen, 39% of all college 
graduates are Republican compared with 
60% for chemical engineers. Only for a 
group of college graduates making $7500 
a year, and more than 55 years old, i 
the percentage of Republicans compar- 
able with that of chemical engineers. Of 
timely interest is the preference of Pres 
idential candidates. Eisenhower is the 
overwhelming favorite, Taft next, and 
Warren third. Of the repliers 10% pre- 
ferred a Democratic candidate; this 
indicates that all those who listed 
themselves as Republicans and Inde- 
pendents (60% plus 28%) and a few of 
those listing Democratic (12%) selected 
a Republican candidate. 

In answer to the question “Do you 
believe in God?” 85% replied “Yes,” 
7.6% replied “No,” 4.9% were unde- 
cided, 1.7% agnostic, and 0.5% with 
other answers. This question was by far 
the most provocative. Answers ranged 
from “No doubt about it—yes” and “by 
all means” to “no—not in the usual 
sense” or “no—but I believe in the bene- 
fits of an organized religion.” There is 
no figure for comparison on this ques- 
tion, but the general comment, I have 
heard from others, is that they think 
the affirmative figure is high. Some in- 
dication that this is so comes from Fig- 
ure 3, which shows the frequency of 
attendance at various functions. The 
black bar shows once-a-week attendance, 
the cross-patched once a month and sev- 
eral times a year, and the blank bar 
fewer than several times a year. It can 
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be seen that for church attendance, al- 
though there is an 85% belief in God— 
only 71% attend church more than sev- 
eral times a year. Church attendance is 
seen to be more popular than movie at- 
tendance, plays, sports, and concerts, 
however. More than one third of the 
engineers go to movies fewer than 


gi s at vorious functions. 


several times a year and more than one 
half go to plays, sports events, and 
concerts fewer than several times a year. 
Professional society meetings show a 
peak in popularity of attendance for the 
frequency of several times a year with 
almost half of the repliers attending that 
often, 
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HERE did the chemical engineer 

of our survey come from? The 
data indicate that the chemical in- 
dustry in the New York and New 
Jersey areas attracts engineers from 
practically all parts of the United 
States. Briefly, some forty states and 
the District of Columbia are represented 
in the survey. Figure 4 shows the sur- 
vey distribution in the U. S.: 


Per Cent 
24.5 


Approximately 3% of the total members 
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Johns-Manville Sales Corporation, 
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JAMES WIL- 
LARD HEMP- 
HILL is manager, 
chemical indust 
Johns - Manville 
Sales Corp., New 
York. Born in 
Blairsville, Pa. he 
was graduated from 
the University of 
Pittsburgh with a 
B.S. M.E. and sub- 
sequently received 
a Master's degree 
in M.E. He is 
company represen- 
tative in American Pulp & Paper Mill 
Superintendents Association and be- 
longs to the Technical Association of 
the Pulp & Paper Industry. He also is 
a member of TAPPI. 
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WHERE OUR ENGINEER ORIGINATES 


Fig. 4. Where chemical engineers in New York-New Jersey area come from. 


reporting came from Canada and other 
parts of the world. 


The Chemical Engineer and the Pri- 
mary School. Figure 5 indicates that 
| 88% of the engineers received their 
} primary training in public high schools 
some 12% came from private 
: schools. Statistically, these figures 
icheck quite closely with the national 
} data on student enrollment in public and 
private high schools. In 1948 approxi- 
mately 89.5% of the students were en- 
rolled in public high schools and 10.5% 
in private hign schools. In fact, it ap- 
pears that the private school turns out 
more chemical engineers percentagewise 
than the public school. This conclusion 
eee be balanced with the fact that on 
a percentage basis more graduates from 
iprivate schools go to college than do 
jstudents from the public high schools. 
Our future engineer was quite a nor- 
mal fellow during the formative high 


12% 


\ 
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Fig. 5. Origin of high school training of chemical 
engineer. 
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school years. He entered readily into 
school activities, such as the year book, 
the school paper; into sports like fenc- 
ing, skiing, tennis, baseball and swim- 
ming, which require skill and aptitude, 
and concerned himself with bettering 
his scholastic record, joining clubs that 
promoted the study of science and lan- 
guage. In short, he was in the top 
half of his class scholasticaliy, socially 
and, where physically able, athletically. 
He was what is known in common par- 
lance as an all-round student. Definitely 
a Phi Beta Kappa prospect, but not by 
any means a greasy grind. 


Our Engineer Goes to the Univer- 
sity. In most cases our engineer re- 
his graduate degree from a 
in the same state in which his 
high school was located. In other words, 
he did not start moving about until the 
question of getting a job came up, or he 


ceived 
school 


considered taking advance work toward 
a postgraduate degree. When selecting 
his school he preferred the background 
of a university to that of either a college 
or technical school. (See Fig 6.) Prob- 
ably this choice was made because of the 
wider scope of courses offered and the 
greater opportunity to associate with 
fellow students taking courses in other 
subjects than engineering. 


Bachelor and Postgraduate Degrees. 
Approximately 95°% of those engineers 
reporting, received a B.S. degree 
usually in chemical engineering. Less 
than 5% took liberal arts courses, 
and subsequently were awarded A.B. 
Most of those holding 
A.B. degrees were older men who had 
gone to college when the A.B. degree 
was still popular and chemical engineer- 
ing was hardly known in the field of 
education. However, in almost every 
case these men stayed in school another 
year, were the recipients of a B.S. de- 


degrees. 
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gree and ultimately went on to get post- 
graduate degrees. Our engineer believes 
education is a continuing process. 

Figure 7 shows *hat 56% of those 
reporting receive’ ne or more post- 
graduate degrees. The survey indicates 
that 38% of the total received M.S. de- 
grees, 14% Ph.D. degrees and 4% 
either D.Sc. or D.Eng. degrees. While 
no substantiating statistics are available, 
it seems plausible to state that this group 
shows an exceptionally high percentage 
of men with postgraduate degrees. 

In most cases our engineer received 
his postgraduate degree in a different 
school from the one which conferred on 
him his bachelor’s degree. As to post- 
graduate schools, he showed a decided 
preference the Eastern technical 
schools. 


for 


College Sports. The survey shows 
that approximately 70% of those report- 
ing took part in college sports. Such 
sports activities, engaged in during the 
high school years, carried well into the 
engineer's college life. While interested 
in some of the intramural sports, it 
should be noted that he was essentially 
an individualist even in this field. 


Our Engineer Is Socially Inclined. 
Our engineer is anything but a recluse; 
in fact, he is quite a joiner—fraternities, 
both local and national, were quite popu- 
lar. Social clubs and local college 
groups, such as students’ sections of the 
A.LCh.E., were freely listed. A high 
percentage reported affiliations with one 
or more honorary fraternities or so- 
cieties. He favors clubs and fraternities 
because they give him the opportunity 
of developing associations and contacts 
that might otherwise be difficult to es- 
tablish. However, a small minority who 
disliked college clubs and fraternities 
were definite in their points of view and 
felt that the college fraternity and club 
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Fig. 6. Where our engineer took his graduate 
degree. 
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were discriminatory and fundamentally 
undemocratic. 


Military. There is litt'e evidence that 
military training imterfered seriously 
with our engineer during his college 
years. If he went to a land grant school 
where military training was compulsory, 
he naturally spent some time in the 
R.O.T.C. or similar basic training 
course. Otherwise, he did not take mili- 
tary training. 


Why Engineering? Most of the an- 
swers to the question: “Why did you 
study chemical engineering?” might be 
considered basic. Reason mostly given 
was a liking for mathematics, chemistry 
and the sciences in general. Natural 
aptitude and ability in this field, plus 
the thought that a chemical engineer 
could always get a job and make a good 
living, were also noted as basic reasons. 


Are Engineering Courses Ade- 
quate? A majority of engineers re- 
porting on this question felt that the 
courses as given today are adequate and 
generally satisfactory, realizing that 
only so many courses can be given in 
the four years assigned for the comple- 
tion of engineering work. 


Suggested Changes in Engineering 
Courses. It is, indeed, regrettable that 
the committee was not more explicit in 
formulating our questions relating to the 
subject and that we did not have an 
opportunity to try out our questionnaire 
on a so-called “pilot group.” Many re- 
porting either failed to comment on this 
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Fig. 8. Analysis of data of the suggested changes of 
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group of questions, or did not take the 
trouble to rate them in the order of 
importance. It was quite evident that 
the question relating to cooperative 
courses was not understood by the 
majority. Referring to Figure 8, it can 
be noted that broader courses including 
business economics and management, 
were considered first in order of impor- 
tance to engineers. Questions relating to 
more practical and! less theoretical traim- 
ing and broader courses to include lib- 
eral arts, considered of about equal im- 
portance, took over the second and 
third positions. 

The query on more technical training 
was supported by those engineers who 
had one or more postgraduate degrees 
and who evidently were interested in re- 
search work requiring the maximum of 
technical training: The majority rated 
the question of relatively low importance 
so that it fell into fourth place. 

It was noted that the engineers who 
had had cooperative courses in their 
schools placed this kind of training high 
in the order of importance. However, 
the report of the majority was to rate 
it of least importance. 

Several repliers whose comments 
are worthy of ready listeners made the 
following suggestions: 


Give us better teaching staffs and tech- 


niques. 

Eliminate all descriptive courses. Stick 
strictly to fundamentals. When they 
are known, all variations will easily 
be acquired. 

Offer a course in statistics. 
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Should Engineering Courses Be 
Lengthened? The majority of engi- 
neers reporting on this question held the 
view that all engineering courses should 
be extended to five years instead of the 
conventional four. Also, a great many) 
of them suggested that this additional 
year should be spent primarily in 
broader courses to include business eco- 
nomics, management and liberal arts. 
There was also a request for more prac- 
tical and less theoretical training. This 
phase of the survey ties in quite closely] 
with the recommended changes in engi- 
neering courses which included all these] 
factors as matters of prime importance.} 
A relatively few felt that the engineer-* 
ing courses should be extended to six 
years. Once again the minority report 
is interesting in its opinion that a four- 
year course was sufficiently long and if 
the college, university or technical 
school had done its job, namely, to teach 
a man how to study and the student in 
turn grasped the fundamentals, much 
more could be gained by spending these 
years in industry than in school. There, 
of course, is much to be said on both 
sides of this issue. 


Should Teachers Be Consultants? 
The great majority favored having 
teachers who did some consulting work 
in addition to their teaching. It was 
felt that by doing this outside work, 
the teacher came in closer contact with 
industry and was in a better position to 
keep abreast of the advances being made. 
It was also contended that the consulting 
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work adds to the teacher's interest in his 
teaching and helps hold him in this field 
of effort, where there is already a de- 
finite shortage. 

The report of the group 
again proves helpful in that it brings 
out the fact that many of the teaching 
consulting to 


minority 


consultants are too busy 


do a reasonably good job of teaching. It 
pointed out that many of the big-name 
teachers who are prominent in the con- 
sulting field, rarely, if ever, come in 
contact with the student. The minority 
pointed out that the fundamental respon- 
sibility of a teacher should be teaching 
and not consulting. 
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Fig. 9. Returns by age of usable questionnaires in salary survey. 
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WESLEYT. 
DORSHEIMER is 
employed as a sales 
engineer in the pe- 
troleum chemicals 
division of the Du 
Pont Co., Wilming- 
ton, Del., which he 
joined ir June of 
this year. He was 
graduated from 
Carnegie Institute 
of Technology with 
a B.S. in chemical 
engineering. His 
first industrial asso- 
ciation was with Esso Standard Oil Co., 
in its technical service division. Then 
followed a period of three and one-half 
years with the Navy as Ensign to Lieut., 
U.S.N.R.—chief engineer on destroyers. 
After the war he was employed as a 
sales engineer by C. F. Braun and Co., 
Alhambra, Calif., and later as assistant 
sales manager of the chemical industries 
mong of the Foxboro Co., Foxboro, 
ass. 


HIS paper will discuss the results 
of the survey questions pertaining 
to past and present salaries. 

Figure 9 reveals a total of 961 usable 
returns and the number of returns for 
each age. Most returns were from men 
in their late twenties and early thirties. 
The median age of all returns was 33. 
In plotting the results of this survey, 
median salaries and ages were used 
throughout. The median, it will be re- 
called, is the point in an array of data 
above and below which exactly half the 
series is located. The median is more 
significant than the average salary in a 
survey of this type, because the median 
is not unduly affected by salaries that 
are either very high or very low. Also, 
use of the median allowed for the in- 
clusion of such answers “Present 
salary above $25,000.” 

The salary picture is presented in 
Figure 10. On this graph, median sal- 
aries, as well as 20th and 80th per- 
centiles, are plotted against age. These 
salary figures do not include bonuses or 
evertime. Salaries for men than 
sixty were not included, because there 
were few returns from engineers over 
this age, and of these few, most were 
from men partially retired. As shown in 
Figure 10, the median yearly salary of 
all 961 returns was $7,300. The median 
curve through the following 
points, and is almost a straight line: 


as, 


more 


passes 


Salary f 


7+ The median raise is $2,000 every five 
years, or $400 per year. 
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Fig. 11. Starting salaries. 


The 80th percentile curve climbs at 
quite a steep rate until it reaches age 
50, and then it begins to taper off. At 
age 50, the man on the 80th percentile 
curve is making appreciably more than 
the median: $20,000 compared with 
$14,000. The 20th percentile levels off 
at about age 46, and it never quite 
reaches $10,00U. It might be well to 
remind the reader that these curves are 
based on all usable returns, including 
those of teachers. 

A recently published book entitled 
“They Went to College,” (see p. 42 this 
issue) contains some enlightening facts. 
Results of our survey compared with 
salary information published in this 
book show that the responders to our 
survey make more than any other 
profession, except for medical doc- 
tors. We make more than dentists and 
lawyers, and although medical doctors 
make more in the younger years, their 
median salary curve starts tapering off 
in the forties and, eventually, the chem- 
ical engineer makes more even than the 
M.D. It should be kept in mind, how- 
ever, that our survey covers only the 
New York area, whereas the salaries 
published in “They Went to College” 
cover the entire country, and quite 
probably New York area salaries are 
higher than figures based on the entire 
United States. 

The last survey of chemical engineers 
in the Greater New York area was 
taken in 1949 and published in Chemical 
Engineering in July of that year. Both 
that survey, and a previous one taken in 
1947, showed a salary dip for the Class 
of 1938. Both surveys reported that the 
Class of 1938 median salary was lower 
than the Class of 1939; the explanation 
given was that 1938 was a year of eco 
nomic recession. The present study does 
not show such a dip, possibly because 
it was based on almost three times as 
many returns as the 1949 survey, or, 
possibly because the current shortage of 
engineers has eliminated any “depres- 
sion effect.” 
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Some interesting results were found 
in the answers to the question on start- 
ing salary. (See Fig. 11.) Starting 
salaries increased during both World 
War I and II, and remained constant 
for the twenty years between the two 
wars. It is well known that beginning 
salaries have continued to climb for the 
past two years, but there were insuffi- 
cient returns from the last two graduat- 
ing classes to show the magnitude of 
this increase. 

How do 1952 salaries compare with 
other years? Figure 12 compares the 
median salary data from this survey 
with the results of the 1949 survey of 
young chemical engineers (same New 
York area) referred to above. As ev 
dent, there has been only a slight in 
crease in the past three years. Directly 
comparable figures for the older chem- 
ical engineers were not available, but 
Figure 12 does show (curve on lower 
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MASON L. 
DOWNING has 
| been doing chemi- 
cal engineering 
work in New Jer- 
sey since 1947. 
After graduation 
from Massachusetts 
Institute of Tech- 
nology, Cambridge, 
Mass., in 1941, with 
a B.S. degree in 
chemistry, he served 
four and one-half 
years in the Army. 
He returned to 
M.L.T. as a student, and then served as 
an instructor in the School of Chemical 
Engineering Practice, and received his 
M.S. degree in chemical engineering 
in 1947 


HE first reaction of most chemical 
engineers on seeing a result they 
don't expect is usually “There’s some- 
thing wrong with the data.” Perhaps 
some of the 80% of my readers whose 
salaries fall below the top line on the 
accompanying Figure 13 are doubting 
Thomases. This author would like to 
record some of the ways we've looked 
at the data. 
First, it is recognized that the data 
have limitations. Although about 100) 
questionnaires were received in time to 
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Fig. 12. Comporison of three recent solary 
studies. 


right in Figure 12) a compilation of a 
1949 survey of active A.L.Ch.E. mem- 
bers for the country as a whole. 


VARIATIONS 


Scotch Plains, 
New Jersey 


be used in preparing these results, they 
came only from the “cream of the crop” 
of chemical engineers—members of the 
A.LCh.E. The group covered was re- 
stricted further to those who had suffi- 
cient ambition to fill out the question- 
naire. Thus, it can probably be con-} 
cluded that if these salary data are in} 
error, they are slightly on the high side. 7 

Of course, we all have our own pri- 
vate reasons for thinking that our own 
salary isn’t quite so high as it should 
be. For example, many of us have 
griped at times that our loss of several 
years to the military service has caused 
us to suffer salarywise compared with 
others. Figure 1 punches a pretty big 
hole in that story. 

There salary in thousands of dollars a 
year is plotted vs. age. The dotted curve 
is the smoothed median salary curve for 
all groups as obtained in this present 
study. The broken line shows the actual 
data point for all age groups. The 30-to- 
40 age group was the only one with suffi- 
cient military service returns for con- 
sideration—142 with military 
service or about 25% of the returns for 
that group. The round points on the 
plot are median salary-median age points 
for the 30-35 and 35-40 age groups. It 
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Effect of military service on salary of 
chemical engineers. 
———— Median all groups. 
“should be noted that both points fall 
right on the curve. Even breaking down 
the returns to single-year age groups as 
shown by the upside-down triangles 
tyields no significant variation from 
ithe median curve. The low point at age 
pS represents only eight returns whereas 
ges 31 and 32 each had more than thirty 
feturns. Actually all sorts of groupings 
ere tried—those with more than two 
years’ service, those with more than 
hree years’, and those with more than 
our years’ and in every case no signifi- 
ant variation was found from the med- 
n curve. 


Company Size. Another cause fre- 
uently advanced for salary variation is 
_ of company. People who work for 
ig companies say “You make more 
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Fig. 14. Effect of size of company on median salary of chemical engineers. 


money in a small outfit but I like the 
security of a big company,” or if they 
work for a small company, they say 
“You make more money if you work 
hard in a big company but you have 
more independence in a small company.” 
Figure 14 shows the effect of size of 
company. Median salary is plotted vs. 
number of technical employees. Median 
ages are indicated. It should be noted 
that the median salary of $7500 a year 
with 33 years of age is constant regard- 
less of size of company all the way from 
two to more than 1000 technical em- 
ployees. The only exception is compan- 
ies with one technical employee. They 
jump suddenly to $14,000 a year. How- 
ever, the median age also jumps to 
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Fig. 15. Effect of type of work on salary. 
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49. That combination of salary and age 
puts them right back on the median 
salary curve. 

So it looks as though neither size of 
company nor military service makes any 
difference in median salary. Next for 
consideration is the field of occupation. 
That does make some difference. 

Figure 15 shows salary vs. age and the 
median salary curve. Separate median 
age, median salary points are plotted 
for each occupational group. It can be 
seen that research and development and 
design fall right on the median salary 
curve. Sales and sales engineering also 
fall right on the curve, which destroys 
another illusion that the salesmen make 
all the money. The men_ working 
in production appear to be a little 
on the low side, but as expected, it 
is the teacher who takes the beating 
salarywise. Teachers are a long way 
below the curve. Administrators are a 
bit above the curve. This includes all 
those who consider themselves adminis- 
trative even though their principal du- 
ties may be technical. About 200 of 
those answering the questionnaire con- 
sidered themselves administration or 
more than 20% whereas a previous sur- 
vey indicated that 11.6% of chemical 
engineers actually work principally 
as administrators. The other field 
well above the curve is that of con- 
sulting and this is probably to be 
expected. Also of interest is the per- 
centage of total returns falling in the 
various occupational categories. The 
breakdown was as follows: 

Work Categories Per Cent 
Research & Development ...... 34 
Teaching 3 
Sales & Sales Engineering .. 

Production 

Administration 

Design 

Consulting 

Other 
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neers are shown in Figure 16. On the 
same plot of median salary vs. median 
age (shown as line 3) curves have been 
included to show what engineers expect 
to be making in ten years (line 2) and 
what is expected eventually (line 1). 
The ten-year curve indicates that most 
of us have a pretty fair idea of what 
we can expect to be making ten years 
from now. If this curve were moved 
to the right by ten years it would fall 
nearly on the median salary curve. It is 
interesting to note that the older we 
become the more optimistic we become. 
The guesses of the 40-year olds are 
above the median for age 50 by a couple 
of thousand dollars whereas the ten- 
year guesses of the 25-year olds are 
pretty close to the salary of 35-year olds. 

It looks as though we are not nearly 
as good at guessing what salary we 
might be making eventually. This step- 


T IS one thing to measure a man’s 
background, training and present 
status—it is quite another to measure 
his hopes and ambitions for the future. 
In a study such as this survey, the tang- 
ible accomplishments of an individual 
to date provide a sound objective basis 
for a statistical evaluation. It is difficult 
for even the most subjective person to 
depart from the record in describing his 
past experience and his present situa- 
tion. 

But when great expectations are to be 
measured, all the stops are out. The 
dreamer’s ambitions demand the same 
statistical respect as those of his less 
imaginative and possibly more “bearish” 
colleague. An expressed desire to own 
an ocean-going yacht or become the 
president of a major industrial concern 
must be accepted in the same light as 
the more easily realized ambition of 
owning an outboard motor or advancing 
to the next immediate position on the 
management ladder. 

As a result, about the only approach 
that could be used in a study of the 
Hopes and Ambitions part of this sur- 
vey was that of correlating the answers 
given with age. This is in line with the 
long-established observation of psychol- 
ogy that an individual's motivations 
change with age. In general this ob- 
servation was borne out by the findings 
of this survey. But at the same time 
some indications developed that tended 
to show that this change might not be 
just a function of absolute age but also 
of the particular era in which an in- 
dividual formed his long-term attitudes 
toward his career and his life in general. 
In other words it might be more a ques- 
tion of a man’s being “older-fashioned” 
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Fig. 16. What the chemical engineer expects in 
salary. 
(1) Eventually. 
(2) In 10 years. 
(3) Now. 
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RICHARD L. DEMMERLE 


shaped curve should be a straight hori- 
zontal line at perhaps $22,000. The 20- 
30 year olds don’t appear to realize how 
much money they can make even if they 
just keep on being median individuals. 
Ages 30-40 guess pretty close to their 
actual ceiling and surprisingly enough 
the 40-50-year olds, if anything, are 
overoptimistic about their eventual sal- 
aries. 

Thus, to summarize—it looks as 
though neither military service nor size 
of company has any significant effect on 
how much a chemical engineer is paid. 
The choice of field has some effect but 
except for teaching the effect is small. 

Although the conclusion may be some- 
what disappointing to some of us, it 
appears that ability and hard work play 
a more important part in deciding our 
salaries than all of the above-mentioned 
factors combined. 


AMBITIONS 


General Aniline and Film Corporation 


than older in his response to a given 
question. 

The 1,015 returned questionnaires 
used in this study were divided by age 
groups as follows: 


Group A (30 years and under) .. 318 
Group B (31-40 years,inc.) ...... | 478 
Group C (more than 40 years) .. 219 


Although, as noted in other sections 
of the survey, the 31-40 group returned 
the greatest number of questionnaires, it 
was felt that the division shown here 
represented a fair sampling of the age 
groups studied. 


Material Possessions and Ambitions. 
As a glance at Figure 17 will show, 
chemical engineers are well endowed 
with automobiles. More than 909% in all 
three age groups own cars and only in 
the case of the oldest group does the 
figure of those who want to buy a car 
within the next ten years, when added 
to the present ownership, fail to equal 
or pass 100%. In the other two groups 
the fact that present ownership plus fu- 
ture ownership amounts to more than 
100% is accounted for by the ambition 
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New York 


of many engineers to own two or eve 
three automobiles. 


RICHARD L, 
DEMMERLE is 
assistant director 
administration 
General Aniline 
Film Corp. Priced 
to his present po- 
sition he was ex- 
ecutive editor of 
Chemical Week 
and before that 
association was an 
associate editor of 
Chemical & Engi- 
neering News ond 
Industrial & E 
neering Chemistry. During World 
II, Mr. Demmerle served as an -d 
ministrative official of the Division of 
ar Research of Columbia University, 
a vital part of the Manhattan Project. 
Mr. Demmerle is a graduate of Co- 
lumbia (’40) where he majored in chem- 
istry. He is a member of many societies 
and a frequent author of articles on the 
subject of human relations. Mr. Dem- 
merle is the chairman of the symposium, 
“Human Relations,” which will be given 
at the December meeting of the 
A.1.Ch.E. in Cleveland, Ohio. 


Ownership of a house correlates well 
with the age of the individual, the great- 
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est house-owning group being the old- 
est, where more than 85% own homes. 
By the same token the youngest group, 
who percentagewise own the least num- 
ber of houses, express the greatest per- 
centage desire to buy homes. 
The actual holding of memberships in 
social clubs follows the same pattern 
observed in the case of automobiles and 
houses—an increase with age. But a 
ovation from the pattern is noticeable 
lin the percentages of the various age 
mroups expressing a desire to become a 
nember of a social club within the next 
... years. The youngest group, who 
Bhould be the most ambitious in this 
egard, are surpassed by the middle 
roup. Exactly 19% of the latter ex- 
press the intent to join a club within 
the next ten years, whereas only 17.6% 
of the youngest group indicate this 
feeling. 


Another deviation from the pattern of 
increased ownership with age is found 
in the case of television ownership, 
heavy in the youngest group (44.7%), 
heaviest in the middle group (65.0% ) 


and slacking off in the oldest group 
(57.6%). Similarly, the oldest group 
shows the least percentage desire 


(19.6%) to buy a television set if one 
is not already owned, 

Boat ownership is small throughout 
all age groups, reaching its highest point 
with Group C (16.49%). As in the case 
of club memberships, the men in their 
thirties show disproportionately 
greater desire to buy a boat if one is not 
already owned. 

The ownership of stocks and bonds is 
high throughout all age groups, and 
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follows the general trend to be largest 
in the oldest group. The intent to buy 
more stocks and bonds also follows the 
general pattern by being strongest in 
the twenty-year olders. 


Foreign Travel. Chemical engineers 
are well traveled, many of them by 
virtue of service in the Armed Forces, 
with government agencies or by assign- 
ment from their companies. Exactly 
84% of Group A, 88.6% of Group B 
and 93.6% of Group C have been out- 
side the continental United States. Can- 
ada is the area most frequently visited ; 
50.9% of Group A, 64.6% of Group B 
and 74.0% of Group C have all visited 
our northern neighbor. 

Europe is named by all three groups 
as the next most frequently visited area 
and Central America, including the 
West Indies and Cuba, occupies third 
position. Travel to the Far East, Aus- 
tralia, the Pacific Islands and Hawaii 
is cited more frequently by Groups A 
and B than it is by C, presumably be- 
cause of service in World War II. 

Future travel desires of all three 
groups most frequently mention Europe 
as the first choice of a place to visit. 
This feeling is strongest in Group A 
(53.8%). South America has undis- 
puted position of the second choice of a 
place to visit in the travel plans of all 
three groups but is strongest percentage- 
wise among members of Group C 
(26.4%). Hawaii and Canada, in that 
order, occupy third and fourth positions 
in the travel ambitions of all three 
groups. 


Foreign-Language Interests. When 
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asked whether they possessed a_ fair 
reading knowledge of a foreign lang- 
uage, the three age groups answered 
affirmatively as follows: 


Age Per 
Group Cent 
51.5 


When asked to name the language or 
languages in which they would most 
like to initiate or extend their pro- 
ficiency, German was named most fre- 
quently by all three groups. French was 
named by all three groups as the lang- 
uage of second choice, and Spanish, 
Russian and Italian for third, fourth and 
fifth choices respectively. 

It is interesting to note, however, that 
Spanish and Russian tie for third posi- 
tion in the ambitions of the youngest 
group at 19.7%. A desire to learn these 
two languages is widely separated in 
the ambitions of the oldest group where 
30.5% favor Spanish and only 114% 
name Russian. It is possible that this 
situation may stem from the fact that 
when the older men were receiving their 
education, Spanish was highly touted as 
the ‘anguage of international business. 
It is also possible that recent interna- 
tional affairs and a _ corresponding 
heightened interest in Russian techno- 
logical developments caused many of the 
younger men to mention Russian as a 
language for study. 


Marriage Status and Family Ambi- 
tions. The survey reveals that a pre- 
dominant majority of chemical engineers 
are married: Group A—71.8%, Group B 
—91.2%, Group C—97.8%. Of the 
married members of Group A, 45.5% 
have no children, 15.7% one daughter 
and no sons, 11.2% have one son and 
no daughters and 7.0% have one son 
and one daughter. 

In Group B the one-son and one- 
daughter combination is the most fre- 
quent family size (21.1%). Almost 
16% have no children and 12% have a 
son and 10.39 have one daughter. In 
Group C the one son and one daughter 
family size is the most common 
(15.39%). Next in frequency are the 
fathers of one daughter (11.59%) and 
the fathers of one son (10.6%). 

When asked about the size of family 
desired, all three age groups of married 
men answered the same: two sons and 
two daughters. A family size of two 
sons and one daughter was named next 
most frequently in Group A. Groups B 
and C feel that one son and one daugh- 
ter is the second most desirable family 
group. It is interesting to note that 


about 10% of the married men in each 
of the three age groups expressed a de- 
sire for five or more children. 
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A surprising uniformity of opinion 
through all age groups, including un- 
married men, was observed in the an 
swer to the question of whether they 
would like to have a son become an engi- 
neer. A negative answer was received 
from 13.6% of Group A, 12.5% of 
Group B, and 11.5% of Group C. Among 
those who offer a preferred or alternate 
choice of a profession for their sons, 
medicine is by far the predominant 
choice. Law runs a poor second in Group 
A as does business in Groups B and C. 
Of passing side interest is the fact that 
several members of Group C volunteered 
information on the profession of their 
adult sons. Of these men, 40% have 
sons who are engineers in one field or 
another and only 4% have sons who 
chose medicine as a career. 


Arts, Sports and Hobbies. When 
asked to name the esthetic fields in 
which they would most like to develop 
or extend their interests, all three age 
groups named music most frequently, 
literature next and arts least. 

Golf is the sport of first choice in all 
three groups being somewhat more pop- 
ular in Group C. Boating is the next 
most popular and tennis rates third place 
among Group A and fourth place among 
members of Groups B and C. Fishing 
occupies third place in the participating 


sports interest of these two latter 
groups. 
Photography is the most popular 


hobby among members of Group A and 
is followed by shopwork of one sort or 
another (wood-working, metal-working, 
etc.). Shopwork is the first choice of 
members of Groups B and C where 
photography drops to second place. 
Electronics (and radio) is the third 
most popular hobby among the youngest 
group just as gardening is with Groups 
B and C. 

It is interesting to note that thirty-one 
different hobbies were named by engi- 


neers responding to this part of the 
survey. 


Attitude Toward Politics, A desire 
to enter political life is strongest among 
young engineers. More than 30% of 
this group express an interest in enter- 
ing politics whereas 21.59% of Group B 
and 13.7% of Group C feel an urge 
toward the political arena. 


Attitude Toward Occupation. The 
survey shows that the percentage of 
chemical engineers who are in business 
for themselves increases with age: 1.8% 
of Group A, 5.1% of Group B and 
19.7% of Group C. A surprisingly large 
percentage of those not in business for 
themselves indicate a desire to be so: 
70.0% of Group A, 64.2% of Group B 
and 49.0% of Group C. 

In spite of this latter observation the 
overwhelming majority of all three 
groups claim they are either happy or 
reasonably happy in their present work. 
Discontent is greatest among the young- 
est group where 3.5% say they are 
not happy. This figure falls off to 2% 
in Group B and 0.5% in Group C. 

More than 20% of both Groups A 
and B, however, feel they would like to 
employ their technical training in sales 
work rather than in their present occu- 
pation. 


Material Progress and Personal 
Life. The last two questions in the 
“Hopes and Ambitions” part of the sur- 
vey asked the engineers (1) whether 
they felt their material progress to date 
has been excellent, average or unsatis- 
factory and (2) whether their cultural 
and personal life to date has been re 
warding, average or lacking. 

Slightly more than 36% of Groups A 
and B answered “excellent” to the first 
question and about 50% of the same 
groups answered “rewarding” to the 
second question. In Group C, 49% an- 
swered “excellent” to the first question 


sooo 
per 
4 
t2r (2) + Fig. 18. Comparison of 
median-solory results re- 
ported by A.1.Ch.E. mem- 
bers and date from the 
Sr 7 chemical te 
gordless of offilictions. 
(1) Survey. 
(2) Company. 
4 
2r a 


Age 


Chemical 


Engineering Progress 


and slightly more than 64.2% answered 
“rewarding” to the second. In Group 
A, 11.9% answered both “excellent” and 
“rewarding” as did 20.6% in Group B 
and 34.6% in Group C. 

One of the most interesting observa- 
tions in this section of the survey is 
made when the questionnaires on which 
both “excellent” and “rewarding” have 
been checked in answer to the afore- 
mentioned questions are studied separ- 
ately. A positive correlation is found 
between the frequency of this joint an- 
swer and men who are either (a) in 
business for themselves, or (b) men 
who are not in business for themselves 
and do not wish to be 

Perhaps this is just another confirma- 
tion of the psychologists’ oft-repeated 
statement that the best adjusted indi- 
vidual is the happiest, or the philoso- 
pher’s observation that happiness is 
more a question of a man wanting what 
he gets rather than getting what he 
wants. In any event, the pursuit of 
happiness continues unabated. 


POSTSCRIPT 


As a check on the salary data accumu- 
lated and reported here, Chemical Engi- 
neering Progress sent to several chem- 
ical companies the salary graph showing 
the median, the 20th and 80th percen- 
tiles. The companies were invited to 
submit comparable salary data in order 
that “C.E.P.” might compare salary ex- 
perience for all engineers over the 
country with the experience reported by 
the engineers from the New York and 
New Jersey areas. The results which 
were obtained from this second indepen- 
dent survey of companies are shown as 
curve 2 in Figure 18. Curve 1 is the 
median salary experience already re- 
ported in the preceding articles. As was 
to be expected, curve 2 is lower, since it 
represents firms outside the New York 
Metropolitan area, and also covers non- 
members of the A.I.Ch.E. However, 
considering all these circumstances, the 
agreement is quite good. 

While the number of firms repre- 
sented is necessarily small, the curve 
represents the salary experiences of 
many engineers. The lower salaries for 
the older engineers is difficult to explain, 
but possibly the majority of A.ICh.E. 
members at these ages are company 
executives, 

Thus, an questionnaire 
would get data of men in the executive 
division of the industry, while company 
reports might consider these men as 
executives and not report their income, 
in a survey, as being earned by an 
engineer. 

—F.J.V.A. 
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PLASTICS EQUIPMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and ROBERT H. STEINER 


The Atlas Mineral Products Co., Mertztown, Pa. 


POLYESTER-GLASS LAMINATED PLAS- 
TICS: Glass reinforced structures 
based on polyester resins are avail- 
able as tanks, tank covers, fume 
hoods, pipes, ducts, and various 
tailor-made equipment. The thick- 
ness and the type of reinforcement 
depend upon the size and end use 
of the equipment. 


APPLICATION 

AND RE- 
MARKS: 
Equipment 
may be mold- 
ed with little 
or no pressure 
at ordinary 


or slightly elevated temperatures. 
Structures are usually prefabricated 
or assembled on the job using flange- 
type assembly methods or by cement- 
ing sections with room temperature 
curing polyester cements and glass 
fabric. 


CHEMICAL COMPOSITION: 25 - 40% 
unsaturated polyester-styrene or di- 


allyl ester resin and 60-75% 
glass fabric or glass mat reinforce- 
ment. 


MACHINABILITY: Depends upon nature 
of reinforcement. Glass cloth re- 
inforced resins demand special tech- 
niques, but with glass mat, routine 
operations such as sawing, blanking, 
shearing, drilling, tapping, sanding and 
punching, can 
be carried out 
with ordinary 
machine shop 
equipment. 

TEMPERATURE 


LIMITATIONS: 
350-400° F. 


MECHANICAL AND PHYSICAL PROPERTIES: 
Tensile Strength, Ib./sq.in. @ 75° F.. . 
Impact Resistance, Izod .. we 

Hardness, Rockwell 

Flexural Strength, Ib. ‘sq.in. 

Compressive Strength, Ib. sq.in. .... 

Modulus of Elasticity (x 10° Ib./sq.in) 

Specific Gravity 

Specific Heat (B.t.u. F.) 


10,000 

10-35 ft.-Ib. in. of notch 
M 90-M 110 
20,000-60,000 

30-60,000 


CORROSION 


Cold Hot 
(75° F.) (200° 


RESISTANCE 


Cold Hot Cold Hot 
(75° F.) (200° F.) (75° F.) (200° F.) 
ACIDS 

Acetic, 10% 
Acetic, glacial 
Benzene sulfonic 
Benzoic 

Boric 

Butyric 
Chloroacetic 
Chromic 10% 
Chromic 
Citric . 

Fatty Ac ids (Ce and up). 
Fluosilicic 
Formic 
Hydrobromic 
Hydrochloric 
Hydrocyanic 
Hypochlorous 
Lactic 

Maleic . 
Nitric 5% 
Nitric 20% 
Nitric 40% 
Oleic 

Oxalic 
Perchloric 
as 
Picric 
Stearic . 
Sulfuric 
Sulfuric 
Sulfuric 


m 


Ammonium Cl, 
Copper Cl, SOx. .. 
Ferric Cl, SOx 
Nickel Cl, SOs .... 
Stannic Cl .. 
Zine Cl, SOx 


Refinery Crudes E 
Trichloroethylene ...... N N 


mammm 


PAPER MILL 
Kraft Liquor 
Black Liquor 
Green Liquor .. 

White Liquor 

Sulfite Liquor 

Chlorite 
um .. 


ALKALINE SALTS 
Barium Sulfide .. 
Sodium Bicarbonate 
Sodium Carbonate 
Sodium Sulfide . 
Trisodium Phosphate 


ZZZZZ 


PHOTOGRAPHIC 
Developers 
General Use 
Silver Nitrate .. 


mon 


NEUTRAL SALTS 
Calcium Chloride .. 
Calcium Sulfate 
Magnesium Cl, 
Potassium, Cl, ! 
Sedium Cl, NOs, 


FERTILIZER INDUSTRY 


General Use 


STEEL 
Sulfuric Acid Pickling. . 
Hydrochloric Acid 
HsSOv—-HNOs Pickling. . 


GASES 
Chlorine wet 
Chlorine dry 
Sulfur Dioxide wet 
Sulfur Dioxide dry 
Hydrogen Sulfide 


TEXTILES 
General Use 
Hypochlorite Bleach 


Oleum 


Mixed Acids 
ALKALIES 


Ammonium Hydroxide 
Calcium Hydroxide 
Potassium Hydroxide 
Sodium Hydroxide 


ACID SALTS 
Alum 


NZVIOMM ZIM MUM om 


RATINGS: 


E—-No attack 
G——Appreciably no attack 


Some attack but usable in some inetances. 


P— Attacked—-not recommended. 
N— Badly attacked. 


ORGANIC MATERIALS 


Chemical 


Acetone 
Alcohols 


Chloroform .... 
Ethyl Acetate 
Ethylene Chloride 
Formaldehyde, 37% 
Gasoline 
Phenol ......... 


ZMMZZZVIZMZ 
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FOOD 
General Use .. 
Bieweries 
Dairies 


MISCELLANEOUS 
Plating 
Petroleum 
Tanning . 
Oil and Soap .... 
Water and Sewer 


No. 12 


(IN A SERIES 
ON CORROSION 
RESISTANT 
MATERIALS) 
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INSTITUTE 


science of every 
description will join in a centen- 
nial of engineering in Chicago next 
month, in honor of the 100th anniversary 
of the founding of the American Society 
of Civil Engineers. 

The American Institute of Chemical 
Engineers will play a prominent part 
in the celebration, and has scheduled a 
national meeting beginning Thursday, 
Sept. 11 and ending Saturday, Sept. 13. 
The program of the chemical engineers 
will feature various symposia and gen- 
eral technical sessions. Headquarters 
hotel for the chemical engineers will 
be the Palmer House. 

In honor of the centennial the meeting 
will begin with a special symposium de- 
signed to illustrate the contributions to 
the Chicago area by chemical engineer- 
ing. It will feature discussions of the 
petroleum, industrial carbon, the pack- 
ing industry, as well as papers on indi- 
vidual chemical engineering subjects. 

A second symposium will cover the 
new technique of mixed bed ion ex- 
change and emphasis will be placed on 
the complete technique from theory down 
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to its possible application as a domestic 
softening unit. 

The third symposium is on the sub- 
ject of distribution of chemicals and is 
under the direction of Henry Dahlberg, 
International Minerals & Chemicals 


D. A. Dahlstrom, chairman, Technical 
Program. 
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MEETS IN CHICAGO, SEPTEMBER 11-13 


Corp., Chicago, Ill., and R. M. Lawrence 
of the Monsanto Chemical Co., St. Louis, 
Mo. Transportation, packaging and sales 
will all be covered in a four-paper 
coverage of the subject. 

As far as the general technical pro- 
gram is concerned, the whole field of 
chemical engineering is its subject, 
ranging from waste disposal problems, 
the fluidization technique in the pe- 
troleum field, discussions on drying 
problems, and hydrocarbon constants. 
The complete program is printed on 
pages 22 and 23 of this issue. 


Tours, Banquet, Exposition 


The business part of the entertain- 
ment shapes up as follows: A series of 
tours through Chicago's chemical in- 
dustries is planned. A modern research 
laboratory will be included in the pro- 
gram. The main banquet of the Cen- 
tennial of Engineering Celebration will 
occur on Wednesday evening, Sept. 10. 

(Continued on next page) 


Article written by T. A. Matthews, II, 
Pure Oil Co., Crystal Lake, Ill. 
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Tickets to this event will be available. 
The Annual Exposition of the American 
Chemical Society will be held at Chi- 
cago’s Coliseum. The Exposition can 
be attended Thursday evening, Sept. 11. 


Chicago—The City 


When visitors go to Chicago, for 
whatever ostensible purpose contrived, 
their chief thought is to see the sights 
and sample the many forms of diversion 
provided. Therefore, the planned enter- 
tainment for this meeting has been 
scheduled to provide a maximum of op- 
portunity for “seeing Chicago.” 


“It’s vast, it’s exciting, it’s different— 
It would take a lifetime to see it all.” 


Everyone planning to come will have 
a good time. Some come to shop and 
to see the sights, others to enjoy the 
indoor and outdoor sporting 
events, celebrated restaurants, museums 
and art galleries, or the comforts of a 
luxurious hotel. Many come for a 
change in their daily routines, and no 
one is disappointed. 

Every year almost twenty million peo- 
ple visit Chicago. They find something 
interesting to see and to do. . . all of 
the time. 

If this is your first visit to Chicago, 
the thought of seeing the big city sends 
your pulse beat upward. You are pleased 
and excited—and why not? Chicago 
is a delightfully exciting place. Excite- 
ment rides the skyways over the Chicago 
Municipal Airport, where giant airliners 
arrive or depart, one every two and 
one-quarter minutes. Excitement hovers 
about the trains which rush in and out 
of the city, 1,770 every day. Excite- 
ment permeates the loop, rising and 

} falling to the beat of millions of feet as 
Chicagoans hurry about whatever they 
may be doing at the moment. 

You know in advance that Chicago is 
the world’s fourth largest city and that 
it covers a lot of ground. Even so, it 
is much larger than you thought. If you 
arrive by air, you find the city stu- 
pendously vast, radiating fanwise from 
a blue inland into the mists of 
far horizons with never a break in the 
“built up” pattern. If you come by train 
or automobile, the feeling of vastness 
is even more intense. Chicago, you dis 
cover, is something more than a city 
with corporate boundaries. It is an 
empire, a super city which would be 
more precisely described as Greater Chi- 
cago or “Chicagoland.” It reaches into 
the adjacent states of Indiana and Wis- 
consin, encompassing fifteen counties 
and 285 villages, towns, and smaller 
cities. These communities depend largely 
on Chicago for their economic existence. 
They are spun into the main body of 
the metropolis by a webbing of rail- 


shows, 


ocean 
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Left: W. E. Brinker, co-chairman, Chi- 
cago Symposium, and right: J. S. Wilson, 
chairman, Entertainment Committee. 


bus lines, e'ectrical interurban 
transportation systems, and auto high- 
ways. 

It is Chicago which gave to the world 
its first steel frame skyscraper, its first 
Pullman car, its first grain reaper, its 
first atomic chain reaction. 

Abraham Lincoln was nominated for 
the Presidency here, as were also Grant. 
Garfield, Cleve'and, Harrison, Theodore 
Roosevelt, Taft, Harding and Franklin 
Roosevelt. 

The city is the world’s leading rail- 
road center, meat-packing center, print- 
ing center, and grain-trading center. It 
produces appproximately 47° of the 
nation’s candy; 439% of its radio and 
radar equipment; 17% of its steel and 
packing-house products; 119% of its 
printing. 

Almost one million persons are em- 
ployed in Chicago area industries; all 
persons gainfully employed total ap 
proximately two and four-tenths million 

The Indians used the word Chicago 
to define something “great” or “strong.” 
Perhaps there was something prophetic 
in their application of the name to this 
particular region. 

The citys’ present population is in ex- 
of 3,600,000. The population of 
the metropolitan area is five and one- 
half million, 

It is in the Chicago loop where you 
first learn the real meaning of “crowds.” 
Within this compact area, roughly five 
blocks by seven, bounded by the elevated 
structure, more than one million people 
jam pack daily. State and Madison 
Streets, in the heart of the loop, are 
said to be the busiest intersection in the 
world. 

Chicago’s outstanding list of spectator 
sports constitutes one of the city’s major 
attractions, 


roads, 


cess 


Baseball Seats Reserved 


If you are a sports fan you can root 
for the Cubs and the Sox of professional 
baseball. A block of 300 seats has been 
reserved for Friday, Sept. 12, White 
Sox vs. Yankees night game. 

“This could be the White Sox year.” 
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So spoke Manager Paul Richards during 
his last visit to Chicago prior to the 
opening of the spring training. 

“In my book none of the other clubs 
in the American League is superior to 
the White continued the tall 
Texan. In order that the White Sox 
finish on top we need comparable per- 


Sox,” 


formances from our outstanding players 
oi last season, plus help from players 
acquired via trades and purchases dur- 
ing the off season. .. .” 

You can 
het win, place or show at five beautiful 


Do you like horse racing? 


tracks which provide continuous racing 
until November. 

Do you like girls and glitter? The 
Chez Paree and the Edgewater Beach 
Walk are famous for these. 

Shopping in Chicago’s mammoth de- 
partment stores and exclusive salons is 
a popular pastime for many visitors. A 
package bearing a homecoming gift 
from Field’s Carson's, Mandel's, Stev- 
ens, Martha Weathered, Bonwit Teller’s, 
or Saks Fifth Avenue, to mention just 
a few of the many fine places to shop, 
always receive a special welcome. 

Chicago's museums, Art _ Institute, 
Planetarium, Aquarium, opera, sym- 
phony orchestra, lake cruises, social set- 
tlements, and one has a 
special appeal. The Buckingham Me- 
morial Fountain in Grant Park recently 
performed for its twenty-three mil- 
lionth visitor. The Union Stock Yards 
are an outstanding attraction. 
are the Chicago Board of Trale, the 
huge mail-order houses, and the numer- 
ous radio broadcasting studios. 

Chicago's great universities are popu- 
lar with many visitors, as are the numer- 
ous cathedrals and other places of wor- 
ship, including the Bahai Temple on 
the city’s North Shore. 

You can tour the world in Chicago 
without ever stepping outside its bound- 
ary lines. This is because practically 
every foreign race is represented in the 
city’s cosmopolitan population, and be- 
cause many races have formed their 
own communit es in which old-world 
characteristics have been preserved. 


zoos—each 


So, too, 


Chicago has more people of Polish 
ancestry than has Warsaw, Poland; 
more people of Swedish origin than 
Stockholm. Exce'lent restaurants fea- 
turing foreign food and entertainment 
are to be found everywhere: Little Bo- 
hemia at 26th and Halsted; Little Italy 
at Taylor and Ha'sted; Little Russia at 
Milwaukee and Western; Chinatown, 
and the Ghetto, are but a few of the 
many places filled with old-world charm. 
Grant Park on Chicago’s marvelous lake 
front is the city’s front yard. Here you 
may stand and view, as at a movie, the 
swift flow of city life as it surges down 
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The Wiggins Gasholder has a 
remarkably simple design. It has none 
of the complicated mechanisms of 
old-type gasholders. No materials that 
can be harmed by weather. 


simplest 


Wiggins is the ONLY gasholder that 
uses no water, no tar, no grease. Wiggins 
assures no weather worries, no 

operating costs, no maintenance problems. 


 e 
; Wiggins is the only gasholder with 
- an absolutely dry, frictionless seal— 
: gas-tight and impermeable. 


BY GENERAL AMERICAN 


WIGGINS GENERAL AMERICAN 
VAPOR SEALS TRANSPORTATION CORPORATION 


135 South La Salle Street 
Chicago 90, Illinois 


OFFICES IN PRINCIPAL CITIES 


write for new bulletin WG-22 
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DU PONT FOUNDING MARKED 


THEN < This building, used as a labora- 
tory at the Repauno dynamite plant, 
Gibbstown, N. J., was forerunner of 
Du Pont Co.’s first formal research unit, 
the Eastern Laboratory, established in 
1902 at Gibbstown. This picture was 
taken in 1897. 


NOW A The recently completed $30,000,000 Du Pont’s Experimental Station. One 
of the largest research laboratories in American industry, it houses nearly half 


of the company’s research personnel. 


During the expansion, nine new laboratory buildings and eleven new service 


buildings were erected. 


In addition, two buildings were substantially enlarged 


and a clubhouse for employees was made into a cafeteria. Most of the new con- 
struction was in the open area near the top of the picture. The older section of 
the Station borders historic Brandywine Creek where the company started in 


business in 1802. 


The transformation of Du Pont Co. 
from maker of explosives principally, to 
manufacturer of chemical products took 
place during the successive presidencies 
of three du Pont brothers shown stand- 
ing beneath a picture of their father, 
Lammot du Pont. Pierre Samuel (center) 
the eldest, acting president from 1909 to 
1913 and president from 1915 to 1919, 
started the transformation by fostering 
pioneering scientific research within the 
company. Irenee (left) was president 
from 1919 to 1926 when du Pont scientists 
helped make America independent of 
foreign sources for such commodities as 
nitrogen fertilizers, dyes, and many other 
chemicals. Under the second Lammot,* 
the eighth du Pont to head the firm, ex- 
penditures for research were increased 
almost sevenfold. 


* He died July 24. His illness kept him from 
the dedication ceremonies 


E I. DU PONT DE NEMOURS & 
e Co., Inc., celebrated the 150th an- 
niversary of its founding, July 18, in 
ceremonies at the site of the company’s 
first mill on Brandywine Creek in Wil- 
mington. A marker, formed by one of 
two huge mill stones ordered from 
France by the founder, Eleuthere Irenee 
du Pont, was dedicated by Walter S. 
Carpenter, Jr., chairman of the board. 
The stone which weighs about seven 
tons was used by the early Du Pont mills 
to grind the ingredients of black powder. 

An. audience of nearly 7,000 was at 
the dedication ceremonies. The program 
included a historical production portray- 
ing the founding of the company, plus 
talks by Henry B. du Pont, great, great 
grandson of the founder, and vice-presi- 
dent of the company, Crawford H. 
Greenewalt president, and Walter S. 
Carpenter, Jr. The huge Du Pont 
dynasty of today springs from a young 
French emigrant, and student of La- 
voisier, who immigrated to America to 
build a mill for the production of black 
powder, urgently needed by the new and 
young United States for hunting, land- 
clearing, and protection. Today the 
company has grown to where it is the 
largest producer of diversified chem- 
icals, and chemical products. The first 
diversity in production came in 1832 
when from making black powder only 
the company branched out into making 
refined saltpeter, charcoal, an acid made 
from wood, and creosote. Today Du 
Pont produces some 1,200 chemical 
products, and product lines. 

A similar growth situation is shown 
in the Du Pont research facilities. Orig- 
inally all Du Pont research was done in 
plant laboratories or in the homes of the 
du Pont family. In 1902 the company 
built the first eastern laboratory in 
Gibbstown, New Jersey. Last year the 
company dedicated a $30,000,000 experi- 
mental station, one of the largest re- 
search laboratories in American indus- 
try. 

The company’s operating investment 
is today about one and one-half billion 
dollars and represents a capital expendi- 
ture of about $18,000 for each employee ; 
5,000 of the company’s employees, staff 
thirty-eight research and development 
laboratories, and in 1951 the company 
spent $47,000,000 on research. 

In his talk, Crawford H. Greenewalt, 
president of the company, said that the 
“vast unexplored area of science” 
opened by advancing technology is a 


(Continued on page 26) 


August, 1952 


| sou 
4 
| 
ae 


Spiral Bevel Gear Speed Reducers 


Only Fluor-Western speed reducers incorporate curved 
tooth spiral bevel gears as standard design. This proven 
principle provides quieter, smoother, more efficient oper- 
ation under the rugged conditions of cooling tower 
service. Other special design features include: oil-bath 
lubrication; dry air breather; chrome-plated shaft at oil 
seals; and, low-speed fan shaft mounted on special steep 
angle thrust and radial bearings to take combined gear 
thrust, fan thrust, and weight of fan assembly. 


Unique Fan Blade Design 


The Fluor Type HC Stainless Steel Fan blades, furnished 
as standard on every Fluor Counterflo Cooling Tower, 
are a joint development of The Fluor Corporation and 
Solar Aircraft Cempany. Designed specifically for in- 
duced draft cooling tower service, their unique air foil 
handles maximum air volumes at minimum tip speeds 
and horsepower requirements. Design plus mechanical 
arrangement eliminates recirculation of air and resulting 
power-consuming turbulence. 


Internal Gusset P late Construction 


Fluor Counterflo Cooling Towers alone make full use 
of tensile as well as compressive strength of structural 
members! Their internal gusset plate design duplicates 
that used in wooden bridge construction. These simple, ~ 
yet extremely strong joint connectors mean longer tower — 
life, lower total tower weight, fewer and simpler castings, 
greater ease of erection, and minimum spoilage should 
the structure be dismantled, moved and re-erected. 


induced draft counterflo 
cooling towers 

provide these 

6 exclusive features... 


Patented Vibration Cut-Out Switch 


The Vibration Cut-Out Switch developed and patented 7 
by Fluor in 1944 protects tower structure and mechanical 7 
equipment by stopping the motor should excessive vibra- 
tion suddenly occur. In addition to its value as an emer- | 
gency safety device, the switch can be utilized by the — 
operator as a positive “on-off” switch during routine 7 
inspection of tower structure and mechanical equipment. 
The motor cannot be started accidentally once the switch 
is placed in the “off” position. 


Sloping-Bar Grid Decking 
Exclusive Fluor-designed sloping-bar grid decks are of 
rough-finished 1” select redwood machine-nailed to 1” 
x 2” cleats—strong enough for use as scaffolding during 
erection, rugged enough to withstand the erosion of 
falling water. This means low maintenance and replace- 
ment cost. The sloping-bar design and arrangement of 
each deck cross member combines the advantages of 
maximum deck surface with minimum air pressure drop 
through tower. 


Complete Prefabrication of Structure 


Only Fluor Counterflo Cooling Towers are completely 
prefabricated. This offers many advantages to the opera- 
tor. Tower parts are “packaged” for rapid delivery, 
marked for orderly erection. Erection is faster, easier, at 
lower cost. All cutting, drilling and nailing is completed 
at the factory. Prefabrication means standardization— 
low-cost replacement of standard parts that may become 
damaged over the years. It means uniformity in both 
performance and appearance. 


Contact your nearest Fluor representative for detailed information. You Can Be Sure With Fluor 


FLUO 


Engineers ~ Constructors Manufacturers 


THE FLUOR CORPORATION, LTD. + LOS ANGELES + HOUSTON 


New York, Chicago, Pittsburgh, Boston, Tulsa, San Francisco, Birmingham and Calgary 


Represented in the Sterling areas by 
Head Wrightson Processes Ltd., Teesdale House, Baltic Street, London, EC 1, England 
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CENTENNIAL SYMPOSIUM 


PALMER HOUSE 


Thursday, Sept. 11, 1952 
Morning Session beginning 
at 9:15 A.M. 

Session No. 1 
Red Lacquer Room 


Co-Chairmen 


Harry McCormack, editor 
Putman Publishing Co. 
Chicago 


P. D. V. Manning, vice-president 
International Minerals and Chemical 
Corp., Chicago 


The Fluidized Solids Lape in 
the Petroleum Industry.—R. C. 
Gunness, assistant genera " manager, 
manufacturing, Standard Oil Com- 
pany (Indiana), Chicago 


Applications of Low-Tem ture 
Carbonization.—R#. E. Zinn, de- 
partment of chemical engineering, 
University, Evanston, 


Industrial Carbon.—8. W. Gamson, 
director, research and development, 
Great Lakes Carbon Co., Morton 
Grove, Ill. 


Chemical i in the 
Industry.— Conquest, vice-presi- 
dent, Armour §& Co., Chicago 


Afternoon Session beginning 
at 1:30 P.M. 
Session No. 2 
Red Lacquer Room 


Co-Chairmen 


W. E. Brinker, assistant chief engineer, 
Corn Products Refining Co. 
Chicago 


L. F. Stutzman, chairman, 
department of chemical engineering 
Northwestern University 
Evanston 


Mixing: Present Theory and Prac- 
tice.—J. H. Rushton, director, depart- 
ment of chemical engineering, [Illinois 
Institute of Technology, Chicago 

Particle Sizing wend Special Refer- 
ence to Phospha' oncentration 
Operations.—/. Le Baron, di- 
rector of laboratories, research divi- 
sion, International Minerals and 
Chemical Corp., Chicago 

The Art of Material Handling Equip- 
ment.—E. A. Wendell, sales manager, 
Caldwell Plant, Link Belt Ce., Chi- 
cago 

Recovery of Sulfur Dioxide from 
Waste Gases.— F. Johnstone, 
chairman, department of chemical en- 
gineering, University of Illinois, Ur- 
bana, Ill., and William F. West, Jr., 
chemical engineering department, Uni- 
versity of Illinois, Urbana 


TECHNICAL SESSIONS 


Friday, Sept. 12, 1952 


Morning Session beginning 
at 9:30 A.M. 


Session No. 3 


Red Lacquer Room 
General Technical Program 


Chairman 


A. Hougen, chairman, 
de seman of chemical engineering 
University of Wisconsin 
Madison, Wis. 


Stream Self- Purification — Analysis, 
Sampling, and Forecasting... S. 
Velz, chairman, department of public 
health statistics, University of Michi- 
gan, Ann Arbor, Mich. 


Fluidization of Solid Particles in 
Liquids.—£. IV. Lewis and E. W. 
Bowerman, technical and research di- 
visions, Humble Oil and Refining Co., 
Baytown, Tex. 


A New Application of Fluidization.— 
R. B. Thompson, assistant manager, 
Fluo-Solids Sales, The Dorr Co., 
Stamford, Conn. 


Heat Transfer in Fluidized Bed 
Region of Gas-Solid Systems. — 
i’. T. Braselton, department of chem- 
ical engineering, Northwestern Uni- 
versity, Evanston 


Mean Temperature Differences in 
Cross Flow Exchangers. I’. 
Gamson, director, WW. Mink, research 
and development department, Great 
Lakes Carbon Co., Morton Grove 


Morning Session beginning 
at 9:15 A.M. 
Session No. 4 


Grand Ball Room 


Symposium—Mixed Bed Ion 
Exchange 


Chairman 
F. J. Van Antwerpen, editor 


Chemical Engineering Progress 
New York, New York 


Theory of Monobed Ion Exchange.— 
Joseph Thompson, The resinous prod- 
ucts division, Rohm and Haas Co., 
Philadelphia, Pa. 

Design of Mixed an = Exchange 
Units.—John F. Wentz, Illinois 
Water Treatment Con Rockford, Ill. 


Engineering Results and E iences 
with Mon-O-Tank Ion Exchange 
Units.—-S. F. Alling, vice-president, 
Hungerford & Terry, Inc., Clayton, 
N. J. 


Mixed Bed Demineralizing of High 

Pressure Boiler Feedwater.—/. F. 
director of research, The 
New York, New York 


Gilwood, 
Permutit Co., 
Panel and Audience Discussion. 

Applications.—E. Scarritt, Elgin 
Softener Co., Elgin, Ill. 

Domestic Possibilities.—. Schulze, 
research director, Culligan Zeolite 
Co., Northbrook, ll. 


Questions from the audience will be 
answered by all members of the 
Symposium and Panel. 


Friday, Sept. 12, 1952 


Afternoon Session beginning 
at 2 P.M. 


Session No. 5 
Red Lacquer Room 
General Technical Program 
Chairman 


C. G. Kirkbride, president, 
Houdry Process Corp. 
Philadelphia 


Factors Influencing the Properties of 
Spray-Dried Material.—_/. 4. Dufie, 
Office of Naval Research, Chicago. 
W’. R. Marshall, department of chem- 
ical engineering, University of Wis- 
consin, Madison, Wis. 

Development and Performance of 
General American-Type H 
Dryer.— G. Gutszeit, director, J. 
Spraul, assistant to director, research 
testing laboratories, General 
American Transportation Corp., East 
Chicago, Ind. 

Manufacture of Fatty Acids and Fat 
Chemicals. H. Potts, technical 
adviser, Armour chemical division, 
Armour & Co., McCook, Ill. 

Graphical Interpretation in Ternary 
Distillation. — Karl Kammermeyer, 
chairman, department of chemical en- 
gineering, State University of lowa, 
lowa City, lowa. K. T. Lee, Chem- 
ical Construction Co., New York, 
New York 


Plate Efficiencies of an Extractive 
Distillation Column. — Kar! Kam- 
mermeyer and Dr. K. T. Lee (as 

above) 
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Saturday, Sept. 13, 1952 


Morning Session beginning 
at 9:30 A.M. 


Session No. 6 


Dining Room No. 14 


Symposium—Distribution of 
Chemicals 


Co-Chairmen 


Henry Dahlberg, Jr., supervisor 

technical economics, research divi- 

sion, International Minerals and 
Chemical Corp., Skokie, Il. 


R. M. Lawrence 
general development department 
Monsanto Chemical Co. 
St. Louis, Mo. 


Transportation in the Chemical In- 
dustry.—F. J. Landis, general traffic 
manager, International Minerals and 
Chemical Corp., Chicago 

The Packaging and Marking of 
Chemicals.—Von Ballman, general 
sales manager, Dow Chemical Co., 
Midland, Mich. 


Ingenuity and Ideas.-N cil! Gilliatt, ac- 
count executive, McCann-Erickson, 
Inc., Chicago 

Some Principles of Seiecting Eco- 
nomic Sales Channels.—Hoyt Cor- 
ley, manager, new products depart- 
ment, Armour & Co., Chicago 


Morning Session beginning 
at 9:30 A.M. 


Session No. 7 


Red Lacquer Room 


General Technical Program 
Chairman 


K. H. Hachmuth 
research planning board 
Phillips Petroleum Co. 

Bartlesville, Okla. 


Critical Temperatures and Pressures 
of Hydrocarbons.—George Thodos, 
department of chemical engineering, 
Northwestern University, Evanston, 
Til, and G. V. Michael, chemical engi- 
neer, Armour & Co., Chicago 


Thermodynamic Pro) ies of Hydro- 
carbon Mixtures.—!i’. C. Edmister, 
California Research Corp., Richmond, 
Calif., and L. N. Caniar, department 
of chemical engineering, Carnegie In- 
stitute of Technology, Pittsburgh, Pa. 


Interfacial Area in Liquid-Liquid 
Agitation. — Theodore Vermeulen, 
chairman, department of chemical en- 
gineering, University of California, 
Berkeley, Calif., and Gordon E. Lang- 
lois, research chemist, California Re- 
search Corp., Richmond, Calif. 


Calculation of Leaching ations— 
Equilibrium and Non-Equilibrium 
Conditions.—Fdward G. Scheibel, 
head, chemical engineering group, 
Hoffmann-La Roche, Inc., Nutley, 


The Effect of Packing Size and Col- 
umn Diameter on Mass Transfer 
in Liquid-Liquid Extraction. - 
Robert B. Beckmann, department of 
chemical engineering, Carnegie Insti- 
tute of Technology, Pittsburgh, Pa., 
and Irving Leibson, chemical engi- 
neer, Humble Oil and Refining Co., 
Baytown, Tex. 


CHICAGO MEETING 


(Continued from page 18) 


Michigan Avenue. The impression you 
get is one of power, of confidence, of 
organized effort. The Michigan Avenue 
skyline is one of the world’s most im- 
pressive. Behind that skyline are cities 
within cities, each functioning with ma- 
chine-like precision . . . and in the aggre- 
gate forming Chicago, one of the mar- 
vels of the world. 

It would take a good part of a life- 
time to see it all. Complete information 
concerning items of interest and enter- 
tainment may be obtained by sending 
a stamped (6 cent) self-addressed en- 
velope with your request to The Visitors 
Bureau of the Chicago Association of 
Commerce and Industry, One North 
LaSalle Street, Chicago 2, Ill. 


CENTENNIAL PROGRAM 


The centennial program itself will be- 
gin Wednesday, Sept. 3, at the Eighth 
Street Theatre, with an opening sym- 


Vol. 48, No. 8 


posium covering the role of the organ- 
ized profession. A symposia on various 
engineering subjects will be held every 
day, thereafter. 

Wednesday, Sept. 10, will be known 
as “Engineers Day,” and a special pro- 
gram is being developed which will in- 
clude a luncheon, award ceremonies, and 
a reception and banquet in the evening. 

A special pageant entitled, “Adam to 
Atom,” began running in Chicago July 
12, and will continue during the engi- 
neers’ meeting until Sept. 15. The play 
depicts the development of engineering 
principles, and the engineering profes- 
sion from prehistoric times down to the 
development of atomic energy. Location 
will be the theatre in the Museum of 
Science and Industry, 57th Street and 
Lakeshore Drive. 

Technical exhibits will be shown in 
the Museum of Science and Industry 


(Continued on page 64) 
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How One 
Speed-Trol Leads 
to Another 


Mr. J. H. Kirby, Vice President 
of The Humko Co., writes: In 
processing vegetable oil and 
shortening we must drive our 
batch mixers at various speeds 
...@ Speed-Trol was installed 
for this purpose ...we were so 
well pleased with its perform- 
ance that we installed Speed- 
Trols on ALL of our vegetable 
oil batch mixers...Speed-Trols 
give the exact speed regulation | 
needed for vegetable oil proc-/ 
essing. 


STERLING SPEED-TROL 


OUTSTANDING FEATURES: 
Infinite speeds —positive speed regula- 
tion—fingertip control—large indicator 
—positive pulleys—no springs— 
belt tension in proportion to load 
— protected — streamlined — Herring- 
bone Rotor — through ventilation — 
versatile mounting — NEMA dimensions 
—shock absorbing —quiet operation— 
rugged — compact — dependable — 
long life. 


70 ILLUSTRATIONS showing | 
how Sterling Electric Power 
Drives reduce production costs. 
Write for Bulletin No. B-120. 


TERLING 


ELECTRIC MOTORS 


Plants: New York City 51; Van Wert, Ohio; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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Whur supervision of your 
plant processes ‘equires 
_ flow measurement, Honeywell 
ion the right instrumentation for the job. 


Included are instruments specifically designed 


. . . Offer you the advantages of Honeywell’s 
single responsibility from sensing element to 
control valve. Each part of the system is de- 
signed and built with the needs of process de- 
signers, production engineers and instrument 


for accurate metering and flow cost-accounting men foremost in mind. 


of process fluids, with either linear or square 
root scales and continuous integration . . . with 
a choice of electric or pneumatic transmission 
from the metering point. 


Call in our local engineering representative for 
a discussion of your application . . . he is as 
near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4427 Wayne Ave., Phila- 
delphia 44, Penna. 


Flow-measuring systems, including proper con- 
trol, are patterned to your exact requirements 


BROWN DIFFERENTIAL CONVERTER 


This new flow transmitter, based on the pneu- z 
matic balance principle, is setting high stand- R 


ards of precision and simplicity in field operation. 
Using no mercury, seals or strainers, it converts 
the pressure differential at the metering orifice 
into a proportionate air output pressure which 
is a measure of flow. Response is rapid and 
accurate. Range is continuously adjustable 
from 20 to 200 inches of water, and is easily 
changed in the field without special tools or 
extra parts. Applicable to either liquids or 
gases, the Differential Converter is easily in- 
stalled, cleaned and calibrated in the field. 


For graphic panels and other applications re- 
quiring compact instrumentation, the Differ- 
ential Converter is part of a new Honeywell 
flow control family which includes Tel-O-Set 
Indicators, Recorders and Controllers. Write 
for ‘Centralized Instrumentation — Unlimited,” 
a new brochure describing types of Brown 
panelboards and instrument components 
available for industry. 


@ Important Reference Data... Write te 


ataleog Me. 2281 on the Differential Ceuverter... 


Now, from Honeywell... a flow 
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BROWN EVENLY GRADUATED FLOW METER 


Costs for distribution and utilization of 
fluids can be accurately determined with 
this meter . . . available as a mechanical 
meter (with integral meter body) or as an 
electric meter (with electric transmission . 
from remotely located meter body). 


Features linear scale anc electronic 
integration for simplified flow accounting. 
Electronic integrator is simple, accurate 
and easily accessible for calibration and 
inspection. Characterized corrosion-resist- 
ant bell automatically provides straight- 
line flow measurement. 


BROWN SQUARE ROOT FLOW METER 


This instrument’s expanded, square-root 
scale affords extra sensitivity for automatic 
flow control applications. Available with 
on-off, throttling or Air-O-Line (propor- 
tional plus automatic reset) pneumatic con- 
trol . . . Supplied for use with electric or 
mechanical meter bodies, in a wide choice of 
types: low pressure, intermediate pressure 
and all-purpose—plus sealed armature and 
area types for special fluids. Interchange- 
able range tubes afford broad flexibility in 
the field. 


MINNEAPOLIS 
Honeywell 
BROWN INSTRUMENTS 


Fouts Covtiols. 
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SPARKLER 
FILTERS 


Designed to use diatomaceous earth with- 
out the necessity of a fibrous material 


pre-coat to hold cake on the plate. 


With Sparkler horizontal plates 
there is no tensile strain on the 
cake. Even a very thin cake can be 


3.3 


built up without danger of slip- 
ping or breaking as it rests in a 
horizontal position on the plate 
and requires no pressure to hold it 


in position, This saves considerable 
cost in pre-coating. 


Sparkler horizontal filter plates can 
be removed for cleaning in one unit 
assembly and a clean set lowered into 
the filter tank immediately. This fea- 
ture reduces down time to a matter 
of minutes. 


Representatives in all principal 


cities in the U.S.A. 


SPARKLER MANUFACTURING CO. 
Mundelein, Ill. 


Sparkler International Ltd. 
Herengraht 568, Amsterdam, Holland 


Sparkler Western Hemisphere Corp. 
Mundelein, U.S. A. 
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“new continent” fully as rich and abun- 
dant as the geographical America of 150 
years ago, and “as full of promise for 
the future.” 

Mr. Greenewalt said that Eleuthere 
Irenee du Pont came to the United 
States from France to find freedom, and 
that here he had been free to build his 
enterprise on his own initiative, free “to 
undertake the risks, carry the burdens, 
and reap the rewards.” 

“Yet today,” Mr. Greenewalt said, 
“freedom has been mortgaged—bit by 
bit—on the plea of crisis or emergency. 
Rights of minorities in the economic 
area have been disregarded, to the point 
where the virtues of thrift, enterprise, 
and initiative have lost much of their 
original glamour.” Mr. Greenewalt con- 
tinued as follows: 

Our progress up to now has been in 
direct ratio to the degree of human freedom 
afforded us. Our rate of progress in the 
future will be determined in identical fash- 
ion. I am quite confident that this essential 
truth will be recognized and affirmed by the 
American people. With freedom assured, 
there can be no limit to the progress we 
can make. The new continent we have be- 
fore us has no boundaries. Its horizons are 
as broad and as limitless as the spirit and 
the imagination. For us it is the oppor- 
tunity of multiplying our national inheri 
tance many times. I am sure we can do so. 


NATIONAL LEAD 
BUYS GERMAN FIRM 


National Lead Co. announced last 
month that Titangesellschaft m.b.H. of 
Leverkusen, Germany, in which Na- 
tional Lead has had a fifty per cent 
interest, has been wholly acquired 
through purchase of the remaining 
capital stock from I. G. Farbenindustrie. 
Joseph A. Martino, president of Na- 
tional Lead Co., stated that the transac- 
tion was approved by the Allied Control 
Council. Titangesellschaft operates a 
plant in the British Zone in Leverkusen, 
Germany, producing titanium dioxide 
pigments for European consumption. 
The plant is the largest of its type in 
Europe. 

Ilmenite ore for the plant, which is 
expected to have an output of pigment 
adequate to supply all the requirements 
of Western Europe, will come from 
National Lead Co.’s mine and plant in 
Norway. Steam, power, water, sulfuric 
acid and raw materials other than 
ilmenite, will be furnished under con- 
tract by Farbenfabriken Bayer. 

Titangesellschaft m.b.H., owned 
jointly by Titan Co. A/S and I. G. 
Farbenindustrie, was formed in 1927, 
and the plant was constructed in 1928. 
The British Military Government has 
supervised both the administration and 
operations of the plant since the end of 
World War II. 
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HIGH PRESSURE SYMPOSIUM | 


A symposium on high pressures is 
being held by the Industrial Instruments 
and Regulators Division of the 


A.S.M.E. in connection with the annual | 
conference and exhibit of the Instru- | 
ment Society of America, to be held in 


the Cleveland Auditorium, Cleveland, 


Ohio, Sept. 9 and 10. The symposium | 
which is under the direction of W. H. | 
Howe, chief engineer, The Foxboro Co., | 
will feature fifteen papers spread over 


the two days. A luncheon will also be 
held on Tuesday, at which W. G. Brom- 


bacher, chief of the Mechanical Instru- — Designed for maximum pre-coat economy. 


ments Section, National Bureau of 4 
Standards, will be toastmaster, and Dr. | "@ Only a thin pre-coat cake is necessary to , 
Elmer Hutchinson, acting president of Se) ahead 


the Case Institute of Technology, will | wy assure brilliant clarity of the filtrate right 


speak on “Preparation for a Career In 


Industry.” ~ Yon from the start. 


The technical program is as follows: 


Introduction to the Symposium on 
Measurement of High Pressures 
Percy W. Bridgman, professor of mathe- 
matics and natural philosophy, Research 
Laboratory of Physics, Harvard Univer- 
sity. 


The Piston Gage as a Precise Pres- 
sure Measuring Instrument— /)r. Daniel 
Johnson, National Bureau of Standards and 
Donald H. Hewhall, Harwood Engineering 
Ine. 


A High Pressure Wire Gage Using 
Gold-Chrome Wire— Horace Darling, re- 


search engineer, The Foxboro Co. 


An Application of High Pressure in 
Geophysics: Experimental Rock De- 
formation—John Handin. Shell Co 
(Exploration and Production Research Lea- 
boratory) 


Techniques and Equipment for the i 
Generation of Dynamic High Pressures | Sparkler horizontal plates permit the filter media to 

-E. J. Mickevicz, materials engineer: 
chie f, Experimental Stress Analysis Unit, | be floated onto the plate and deposited with gravity : I 
U’. S. Naval Ordnance Laboratory. into a cake of uniform thickness and uniform density | 

A High-Speed High-Pressure Gage— even though the first pre- ; 
P. L. Edwards, U. S. Neval Ordnance La- 
beratory, White Oak, Silver Spring, Md. Coat Is very thin. This saves | 

Design of High-Pressure Pumse— considerable time and Filter 
R. W. Hiteshue, U. S. Department of the Aid in pre-coating. 
Interior, Bureau of Mines 

A Sensitive Pressure Controller for | Sines 
High Pressure Service —/’. |. Golden hold this thin pre-coat cake in 

A. F. Headrick, U. S. Department of | position it is possible to begin 


the Interior, Burcau of Mines filtering operation with less 


ae High Pressure Developments at Yale | pressure which results in a 
iy University— Barnett F. Dodge, professor cake of less density and greater 
of chemical engineering, Sterling Chemistry flow rate. 


Laboratory, Yale University 


Stress on Be- For personal service on 

vior ick-Wall Closed-End 

Cylinders—/J. H. Faupel and A. R. Fur- | your filtering problems, 

beck, Du Pont Co., Ine. address correspondence 
Rupture Disc Design Evaluation and | to Mr. Eric Anderson 


Bursting Tests—G. K. Prescott, Du Pont | 


Co., Inc. SPARKLER MANUFACTURING CO. 


Panel Discussion—Safety Precautions Mundelein, tll. 
in High Pressure Operation. Sporkler International Ltd. Sporkler Western Hemisphere 
Gaskets for High Pressure Vessels— Herengroht 568, Am.terdam, Hollond Mundelein, Ill. U.S.A. 


-= rew R. Freeman, American Instrument | 
, Inc. | 


(Continued on page 62) 
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VOLAND COMPLETES LARGEST BALANCE 


One of the largest balances ever built has just been completed by Voland and 


extreme accuracy is required. 


ons, New Rochelle, N. Y. This huge instrument, one of a few of this size and 
Sensitivity in the world, has an over-all weight of 3500 lb. This type of balance is 
usually used for weighing bullion and precious metals, where large capacity with 


The capacity of this balance is one thousand times as great as that of con- 
Wentional 200 g. balances. Yet it has the same sensitivity and accuracy. With a 


otal capacity of 200 kg. in each pan, it maintains a sensitivity of better than 
00 mg. A piece of metal, 35/10,000 of an ounce, will move the mechanism even 


hen it is loaded to full capacity of 400 Ib 


The balance measures 8 ft. high and rests on a base 9 ft. long. 

Although the pans are large enough to seat comfortably a grown man, it is im- 
sible to weigh the man because the needle cannot be kept at zero long enough— 

e balance records human evaporation of perspiration while it is going on. 


S.F. COMPILES FEDERAL 
RESEARCH INFORMATION 


Federal agencies supporting scientific 
esearch and development programs by 
rant or contract with educational and 
ther nonprofit institutions have been 
sked to supply the National Science 
Foundation with statistical and fiscal in- 
formation about their programs for 
fiscal 1951 and 1952. The Foundation 
is compiling such information on a con- 
tinuing basis at the request of the Bu- 
reau of the Budget, which has gathered 
similar information on Federal research 
and development programs in previous 
years. The final report, it is hoped, will 
be available before Jan. 1, 1953. 

The information will be compiled un- 
der various functional classifications, in- 
cluding basic research, applied research, 
development, and increase of research 
and development plant, and subject 
classifications including biological, med- 
ical, agricultural, physical, mathematical, 
engineering, In ad- 
dition the information will be grouped 
by states and institutions. 

Typical examples of non-profit insti- 
tutions for which information will be 
gathered are colleges and universities, 
research institutes, research founda- 


and social sciences. 
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tions, experiment stations, hospitals, 1i- 
braries, museums, observatories, and 
corporations organized specifically to do 
scientific research and development for 
the Federal Government on a non-profit 
basis. Information on direct research 
activities of agencies of the Federal 
Government will be excluded, but the 
report will include information on Fed- 
eral support to agencies of state, local 
or foreign governments. 


ALGONQUIN CHEMICAL TO 
NATIONAL DISTILLERS 


National Distillers Products Corp. 
announced recently that it is acquiring 
the business and assets of the Algonquin 
Chemical Co., manufacturers of chlor- 
ine, caustic soda and sulfuric acid, with 
plants located at Huntsville, Ala.; Du- 
buque, Iowa; and Lawrence, Kan. No 
change in the operation or personnel at 
the plants is contemplated as a result of 
the acquisition. 

National Distillers Products Corp. 
also announced that it has completed 
arrangements for the sale of its White 
Rock division to a group of private in- 
vestors who will continue the existing 
business of the White Rock Co. 
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KODAK OFFERS 
14 FELLOWSHIPS 


To encourage training in chemical 
research and to assist promising young 
scientists, thirteen U. S. educational 
institutions have been offered fourteen 
fellowships by Eastman Kodak Co. for 
1952-53. All for advanced study, nine 
of the fellowships are in chemistry, two 
in chemical engineering, and three in 
physics. 

Tennessee Eastman Co., a division of 
Kodak at Kingsport, Tenn., has offered 
five additional fellowships to five educa- 
tional institutions in the southeastern 
states. Three of these are in chemistry, 
two in chemical engineering. 

Each award provides $1,400 plus an 
allowance for tuition and fees. 

The fellowships are awarded to the 
colleges. They select a research student 
in the last year of study for his doc- 
torate. The basis of selection is the 
student’s demonstrated ability in his 
major field of study, a high degree of 
technical promise, soundness of charac- 
ter and personal traits, and financial 
need. 

Kodak established the fellowships in 
1939. The 1952-53 fellowships will be 
awarded to Catholic University of 
America, Illinois Institute of Technol- 
ogy, University of Illinois, Massachu- 
setts Institute of Technology, North- 
western University, Ohio State Univer- 
sity, Princeton University, University 
of Rochester, Stanford University, Uni- 
versity- of Texas, Cornell University, 
Harvard University, and University of 
Wisconsin. 

The fellowships from Tennessee East- 
man Co. will be awarded to University 
of Tennessee, Emory University, Uni- 
versity of North Carolina, Virginia 
Polytechnic Institute, and Georgia 
School of Technology. 


NAVY WANTS ENGINEERS 


Several vacancies at the present time 
exist in the engineering department of 
the U. S. Naval Air Rocket Test Sta- 
tion. Some of these are described as 
follows: 

Chemical engineer (GS-12) at a salary 
of $7040 per annum as head of the spe- 
cial projects branch, propellants division. 
He directs specialized investigations into 
the problems of combustion of solid and 
liquid propellants in rocket engines, de- 
termines physical and thermodynamic 
properties of propellants, studies of cor- 
rosion of materials by propellants. 

Chemical engineer (GS-9) at an an- 
nual salary of $5060 to serve as project 
engineer in the special projects branch, 
propellant division. In addition to spe- 
cialized investigations as mentioned 
above, he studies materials for *storage 
and handling of propellants and prepares 
reports. 


Applicants should complete standard 
Form No. 57, Application for Federal 
(Continued on page 30) 
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For more than 25 years the 
Norwich Pharmacal Com- 
pany has used U. S. P. 
Glycerine in the Zemacol 
formulation. This year 
‘round seller helps to re- 
lieve the itching and burn- 
ing of a wide variety of skin 
irritations — from eczema- 
like rashes to poison ivy. 
Promoted as the “invisible 
bandage”, Zemacol has 
long been one of Norwich’s 
“top ten” products. 


FULLY ACCEPTED... FULLY AVAILABLE IN ALL GRADES! 


U. S. P. Glycerine demonstrates its versatility once again in dermatological 
preparations ... where it often performs a triple function as humectant, emol- 
lient and solvent. 

The low evaporation loss and unusual viscosity of Glycerine solutions help 
retain medication on irritated surfaces longer. Glycerine is colorless. Its solvent 
properties often make possible clear, uniform solutions of otherwise poorly 
miscible components. 

Phat’s why manufacturers in the pharmaceutical field look to Glycerine’s 
unique range of properties. Further, users of any volume can count on a firm 
source of supply. Glycerine has become a component of one out of four pre- 
scriptions .. . an ingredient in hundreds of proprietary remedies. Why? We 
review the reasons in a booklet titled “Why Glycerine for Drugs and Cosmetics?” 
A copy is yours for the asking. 


Giycerine Propucers’ Association 


295 Madison Avenue, New York 17, N. Y. 
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NAVY WANTS ENGINEERS 
(Continued from page 28) 


Employment, which is available at any 
post office, and forward to the Industrial 
Relations Officer, Industrial Relations 
Department, U. S. Naval Air Rocket 
Test Station, Lake Denmark, Dover, 
N. J. 


G be | RESEARCH PLANNED 


ON PLATE EFFICIENCIES 
% | A five-year research program on plate 
fo r R U B B | Nw G | efficiencies in fractionating towers, a co- 


operative project between the American 

bal J CUTTING | Institute of Chemical Engineers and 

or | twenty-five chemical, petroleum and 

engineering companies, recently got un- 

*¢ CRUSHING | der way according to an announcement 

or | from the Research Committee of 

A.I.Ch.E. The program supported by 

*tor TEARING $64,000 in contributions from the com- 

| panies for the first year, will be carried 

out at the University of Michigan, Uni- 

versity of Delaware and the Polytechnic 
Institute of Brooklyn. 

The research projects will cover a 
| basic investigation of the fundamentals 
| of tray efficiency both in fractionation 

and absorption. As the program is now 
set up the initial work will cover the 
effect of system properties on tray effi- 
ciencies. Later work will include tray 
design and column hydraulics. 

The Research Committee of the 
A.I.Ch.E. was set up by the Council of 
the Institute in July, 1950, “to foster re- 
search projects in chemical engineering 
which by their scope, complexity, or 
general nature, were such that no single 

By altering disc surfaces, speed of rotation, institution or company could afford to 
clearance between surfaces and method of feeding, institute a comprehensive planned re- 


search program.” 
the Sprout-Waldron Attrition Mill performs the The work on the initial project will 
widest variety of size reduction operations. It the of Dr. 
‘illiams at the University of Michi- 
grinds rubber or gam, Sones and rubs wood chips, gan; Dr. J. A. Gerster at the University 
curls feathers, de-fiberizes leather, granulates of Delaware; and Dr. Ju Chin Chu at 
plastics — just to mention a few of its countless Polytechnic Institute of Brooklyn. 
niga Companies contributing are: 
applications. : 
Columbia-Southern Chemical Corp.; 
If you have a size reduction problem, Sprout- Newport Industries, Inc.; The Barrett 
Wald . . ll ipped hel Division, Allied Chemical & Dye Corp.; 
aldron is uniquely we -equipp to he P you. Standard Oil Development Co.; Standard 
Oil Co. (Indiana); Sharples Chemicals, 
Why not take advantage of our experience based 


on hundreds of successful installations in the | search & Development Co.; Hercules Pow- 
der Co.; Union Carbide & Carbon Corp. ; 
chemical processing and allied fields? Write for Sun Oil Co.; Universal Oil Products Co. ; 
. American Cyanamid Co.; Socony-Vacuum 
full details to Sprout-Waldron & Co., Inc., 17 
: | Assoc. Oil Co.; The Fluor Corp., Ltd.; 
Logan Street, Muncy, Pennsylvania. The Ohio Oil Co.; Hydrocarbon Research, 
Inc.; The Dow Chemical Co.; Monsanto 
Chemical Co.; Arthur D. Little, Inc.; 
Eastman Kodak Co.; The Pure Oil Co.; 
Vulcan Copper & Supply Co., and Ethyl 

Corp. 


PR UT- WA LD R Members of the Institute Research 
| Committee are: W. E. Lobo, chairman, 
M. W. Kellogg Co.; W. E. Catterall, 
Bost PROCESSING EQUIPMENT Since MOO Standard Oil Development Co.; R. A. 
MUNCY, PA. (Continued on page 40) 
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Buflovak Evaporators offer the chemical in- 
dustry efficient evaporation of processing, high 
capacity and maximum recovery of solids. All 
of these because of advanced scientific design 
in every BUFLOVAK Evaporator! 


Modern design insures maximum capacity, 
virtually complete recovery of all solids, and 
low operating costs. Automatic controls main- 
tain a high level of operating efficiency, and 
simplify operation . . . all with their profit- 


¥ HIGH RATE OF 
EVAPORATION 


¥ MAXIMUM 
RECOVERY OF SOLIDS 


¥ SIMPLIFIED 
OPERATION 


BUFLOVAK Triple Effect, 
Forced Circulation Evapora- 
tor with built-in Salt Sepa- 
rators. Used to concentrate 
caustic and to recover salt 
crystals from the process. This 
unit produces 90 tons of 
100% NaOH in a 50% 
solution from cell liquor. Hori- 
zontal heating elements afford 
complete tube accessibility. 
The tubes are always com- 
pletely filled with liquor. 
Flashing cannot occur. Unit 
is built of nickel and nickel 
clad steel. 


BUFLOVAK EQUIPMENT DIVISION OF BLAW-KNOX co. 
1567 FILLMORE AVE. BUFFALO 11,NY > 


CONSTRUCTION 
huklovak 
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NEW RESEARCH LAB. OF 
INTERNAT. MINERALS 


International Minerals & Chemical 
Corp. officially opened its new general 
research laboratory in Skokie, IIl., with 
three days of inspections beginning June 
26. Louis Ware, president, and Paul 
D. V. Manning, vice-president in charge 
of research and development, served as 
co-hosts for the events. 

Of modern, fireproof construction, the 
new laboratory will house a staff of 
scientists and technicians working on 
the broader research projects of the 
corporation, and will make it possible to 
centralize a large part of International's 
research operations. It is the outcome, 
Mr. Ware said, of planning that began 
during the early war years when it was 
impossible to build a research center. 
Enough ground has been acquired to 
provide for the ultimate erection of an 
office building adjacent to the labora- 
tory. 

According to Dr. Manning, approxi- 
mately seventy-five research people will 
be employed by the laboratory on pro- 
jects relating to the production and use 
of the corporation's present products 
and to the development of new products. 
International currently produces phos- 
phate, potash, plant food, phosphates 
ind potassium chemicals, chlorine prod- 
ucts, amino products, bentonites, refrac- 
tory specialties and bonding clays. 


SQUIBB-MATHIESON 
MERGER ASKED 


A proposed merger of E. R. Squibb 
& Sons into Mathieson Chemical Corp. 
on the basis of converting five shares of 
Squibb common stock into three shares 
of Mathieson common stock was an- 
nounced last month in a joint statement 
by Thomas S. Nichols, president and 
chairman of Mathieson, and Carleton H. 
Palmer, chairman of the board and 
Lowell P. Weicker, president of Squibb. 

Special meetings of the shareholders 
of both companies to approve the 
merger, will be called in the near future. 


Mathieson Chemical Corp., the surviv- 
ing corporation, will operate E. R. 
Squibb & Sons as.a separate division. 


SULFUR SHORTAGE 
ENDED—WILLIAMS 


The world sulfur shortage, critical 
since the outbreak of the Korean War, 
has improved to the point where vir- 
tually all sulfur requirements in the 
United States are being met, Lang- 
bourne M. Williams, Jr., president of 
Freeport Sulphur Co., declared recently. 
Furthermore, he added, the outlook for 
the future is “extremely encouraging” 
as a result of nearly 100 new projects 
in the United States and other free- 
world countries that will substantially 
increase the supply of sulfur in various 
forms. 

These projects, it is estimated, will 
add approximately 4,000,000 long tons 
of sulfur per year by the end of 1955, 
he said. This amount is equivalent to 
third of the estimated 1951 free 
world production of about 12,000,000 
tons of sulfur in all forms. Mr. Wil- 
liams said further : 


one 


The large gap between sulfur supply and 
demand no longer exists. Although sulfur 
consumption is still under government limi- 
tation, all but a few consumers in this coun- 
try are getting all the sulfur they need, and 
the situation abroad has also improved. 

The outlook for the future is extremely 
encouraging. There is enough new produc- 
tion in sight to dispel the threat of a con- 
tinuing shortage. Even if the requirements 
of U, S. industry and agriculture should 
increase by 1955 to the level estimated by 
D.P.A., there will be enough sulfur to 
meet the demand assuming the new projects 
measure up to expectations. 


The new projects listed by the Free- 
port official are expected to add approxi- 
mately 1,500,000 long tons of sulfur in 
various forms to the annual production 
capacity of the free world by the end of 
this year, 1,350,000 tons more by the 
end of 1953, 250,000 tons more by the 
end of 1954, and 900,000 tons more by 
the end of 1955. 

The efforts to increase the supply, he 


Above is a view of the new general research laboratory of International Minerals & 
Chemical Corp. at Skokie, Ill. It was opened late in June. 
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said, cover a broad range of activity. 
They include five Frasch process salt 
dome projects in Louisiana and Texas, 
which with an estimated annual produc- 
tion of 1,370,000 tons of sulfur are 
making the largest contribution. The 
bulk of the production will be under way 
by the end of 1953. 

In addition, Mr. Williams said, there 
are under way fifty projects to obtain 
sulfur in the form of brimstone from 
native deposits, sour natural gas, refin- 
ery gases, etc., and thirty-seven projects 
to obtain sulfur in various other forms. 
“The American sulfur producers by 
1951 had increased their production to 
about two and a half times the average 
for the prewar period 1935-39,” Mr. 
Williams said. 


CAMBRIDGE RESEARCH 
FIRM EXPANDS 


Arthur D. Little, Inc., Cambridge, 
Mass., industrial research and engineer- 
ing firm, will move its mechanical divi- 
sion from its present location to a new 
and larger building in the West Cam- 
bridge industrial area, Earl P. Steven- 
son, president, recently announced. 

Ground has been broken for a 30,000 
sq. ft., two-story plant which will in- 
clude all engineering offices and 
chanical facilities of this division 


me- 


The mechanical division is a relatively 
new outgrowth of Arthur D. Little, Inc 

Allen Latham, Jr., vice-president of 
Arthur D. Little, Inc., and engineering 
director of the mechanical division, ex- 
plains that the principal reason for the 
move is to provide more space and me- 
chanical facilities for efficiently carry- 
ing out the increased activities of the 
division. 


NEW METHOD FOR 
ODORIZATION OF L.P.G. 


J. B. Calva & Co., Consulting Engi- 
neers of Minneapolis, have developed a 
method for odorization of liquefied 
petroleum gas. The method, according 
to company announcement, has proved 
efficient experimentally. 

Ordinary procedure, the announce- 
ment said, involves the addition of ethyl 
mercaptan to the liquid phase, but the 
petroleum gas vaporizes much 
rapidly than does the odorant. 

In the Calva process a small cartridge 
of odorant is inserted into a specially 
provided cavity in the valve of the cyl- 
inders. In this manner a liquefied petro- 
leum gas is given a uniform concentra- 
tion of odor and at a level of odorization 
comparable to that of utility service gas. 
The process is also applicable to semi- 
bulk installations and to central plants 
for utility service. 


more 


(More News on page 40) 
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We mean the skill that’s acquired 
after rolling up sleeves 600 times 
or more—to design and con- 
struct that many petroleum re- 
fining, petroleum chemical and 
chemical plants at sites all over 
the world. 


These plants didn’t just happen. 
Lummus men had ideas, practical 
imagination, the ability to work, 
a sharp sense of responsibility, 


and a company policy which 
placed no limit upon the physical 
facilities needed to do the job. 


All this is worth its weight in 
gold—an appraisal which our 
clients express time and again. 
We see it as a healthy “‘atmos- 
phere” in which new processes, 
new techniques, new equipment 
and new products are developed 
to our own high standards, and 


to the satisfaction and profit of 
our customers. 


So we offer this suggestion: put 
us down as a group with the 
depth of chemical engineering 
talent and the breadth of expe- 
rience to tackle your next engi- 
neering and construction project 
— whatever and wherever it may 
be. And to do it with a skill 
that’s hard to match. 


THE LUMMUS COMPANY 


38S MADISON AVENUE, 
HOUSTON 


CHICAGO 


NEW YORK 17, 
LONDON 


N.Y. 


* PARIS + CARACAS 
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UTOMATIC CONTROL 
MEL:DA™ 


6. Stainless stee 
7. Cilite Bearing® 


HAMMEL-DAHL COMPANY 


175 POST ROAD, | ARWICK) PROVIDENCE 5, R. U.S. A. 
“Boston J Buffalo Cincinnati. Cleveland Denver Detroit” Houston 
Kingsport, Tenn. Angeli New Orleans York Pittsburgh Salt Loke City 
Francisco Seattle Springfield, Moss. Louis Toledo Tulse Wilmington, Del. 
M NUFACTURED AND DISTRIBUTED ey, Coneds — The Guelph Engineering Utd, Guelph, int 
Englend — 3. Blakéborough & Sani ltd, Brighouse, Yorks. France — Premafrance, Paris. 
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Outstanding Control Valve Features 

ia originated by Hammel-Daht 

4 1. The “DAHL SEAUs— frictionless. \eck- 

proof Valve stem SEAL — for any static —" 

9. ALLSTEEL superstructure: | 

3. Bolted packing box — standard. 

Forged fabricated bonnets and blind heads. 

Through-bolted bonnets and blind 4 

instrument 
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BULLETINS 


1 @ MIXERS. All types of grinding 
and mixing equipment of Paul O. 
Abbé, Inc. 


2 e GLUCOSATES. D. W. Haering & 
Co., Inc., describe their complete 
chemical line. Information available. 


3 @ TRANSITE PIPE. For overhead 
piping systems. Data on transit pipe 
from Johns-Manville Sales Corp. 


4 @ TANK-O-METER. A new device, to- 
gether with others, for measuring 
liquid level and tank contents from 
a distance. Uehling Instrument Co. 


5 e DESIGN OF CHEMICAL PLANTS. 
Detailed description on this subject 
furnished by Chemical Construction 
Corp. 


6 @ IMP MILL. Combustion Enginecr- 
ing-Superheater, Inc., has a new Ray- 
mond Imp Mill for wide range of 
grinding operations. 


7 @ EXPLOSION - PROOF LIGHTING 
UNITS. For protective lighting in 
hazardous locations. Information 
detailed by Benjamin Electric Mfg. 
Co. 


8 e M-SCOPE. The latest in pipe- 
locating and leak-detecting devices. 
Fisher Research Laboratory, Inc. 


9 @ ROTATING PAN-TYPE MIXER. 
Open or dust-sealed for glass, fer- 
tilizer, refractories, enamel frits, 
candy, chemicals, etc. Worthington 


Corp. 


10 @ PRESSURE SAMPLING CONTAIN- 
ERS. New in this field by Murray 
Tube Works. Containers can be sup- 
plied with any approved-type valves, 
plugs, etc. 


11 @ CRUSHERS. No. 13 series and 
special pur crushers from Ameri- 
can Pulverizer Co. 


12 @ FLOATING ROOF TANKS. Now 


Mail card for more datap 


take care of the rest. 


EDITOR'S NOTE 
For this month's Data Service, we are abandoning our usual ex- 
tensive descriptions of bulletins. In order that a large backlog may 
be cleared away before the fall season, the editor here is listing 
only the subject of the publication, one-sentence description of 
its contents and the name of the company. Data service con- 
tinues in operation as before, and if you wish any information 
on the material described, merely circle the number on the post- 
card and put it in the mail. Chemical Engineering Progress will 


available double-deck floating roof 
tanks for storage purposes from 
Graver Tank & Mfg. Co., Inc. 


14 @ TESTING INSTRUMENTS. Large 
variety of metering devices and ac- 
cessorics for testing paints, foods, 
lubricant greases, viscous materials, 
etc. Gardner Laboratory, Inc. 


15 @ AIRCHECK VALVE. Improved 
valve for use on air or gas com- 
pressor. No bolts, nuts or screws. 
New with Pennsylvania Pump & 
Compressor Co. 


16 @ PFAUDLER EQUIPMENT AND 
SERVICES. Buyer's guide giving in- 
formation on glass-lincd steel and 
stainless steel equipment. The Pfaud- 
ler Co. 


17 @ CLAMPS, STRAPS, COUPLINGS. 
Available in a wide variety of sizes 
and materials from Marman Prod- 
ucts Co., Inc., and especially advan- 
tageous to those who build and main- 
tain aircraft. 


18 e AUTOMATIC TEMPERATURE CON- 
TROLS. For a wide range of tempera- 
ture control functions an clectric 
pneumatic valve. Burling Instru- 
ment Co, 


19 @ THERMAL CONDUCTIVITY UNITS. 
An inexpensive means for rapid and 
accurate observation of gases in in- 
dustry or the laboratory, from Gow- 
Mac Instrument Co. 


20 @ FILTRATION MANUAL. A 19-page 
comprehensive brochure on piact- 
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cal evaluation of pilot plant and fil- 
tration date from The Eimco Corp. 


21 @ AUTOMATIC DATA ANALYSIS. 

Telecomputing Corp. brochure on 

how ‘Telecomputing instruments 

save the time of engineers and sci- 

entists by analyzing data faster than 
is possible manually. 


22 THE ACCELATOR. Water treat- 
"+ ment for domestic and industrial use. 
Complete details by Infilco, Inc. 


23 @ COMPRESSOR FOR AMMONIA 
TRANSFER. Worthington Corp. an- 
nounces a new LPG-A compressor 
especially for transfer of anhydrous 
ammonia from tank car to storage 
tank, 


24 @ TELLEVEL CONTROL SWITCHES. 
Complete line of automatic, bin- 
level control switches. Explosion- 
proof and heavy-duty units intro- 
duced by Stephens-Adamson Mfg. 
Co. 


25 e WORMGEAR. Catalog 45-S 
from D. O. James Gear Mig. Co. 
describes and details gears of many 
types and sizes. 


26 @ KNIGHT-WARE. A special cer- 
amic which is tough, uniformly dense 
and corrosion resistant is the material 
from which this laboratory and plant 
equipment is made by Maurice A. 
Knight. 


27 e METERING FLOATS. From 
Fischer & Porter Co. a bulletin on 
their Flowrator “area” flow meter, a 
predictable metering float. Available 
lor immediate shipment. 


28 © POWER DRIVES. Electric power 
drives engineered to your require- 
ments available from Sterling Elec- 
tric Motors, Inc. 


29 @ DORR CLONE. Cylindro-conical 
classification unit using centrifugal 
force in place of gravity, from ‘The 
Dorr Co. 


30 @ MODERN pH AND CHLORINE 
CONTROL. W. A. Taylor & Co. offer 
a %6-page booklet on this subject. 
Covers all phases. 


31 @ LOW INTENSITY DRY BOX. Of 
stainless steel for handling radioiso- 
topes and other radioactive materials. 
Bulletin available from S. Blickman, 
Inc. 


32 e DEHUMIDIFIERS. For instrument 
air-drying, bulletin on Sovabead de- 
humidifiers from Industrol Corp. 


33. @ LEAKPROOF TUBE FITTINGS. 
Catalog 4300 from The Parker Ap- 
pliance Co. describes its Triple-Lok 
tube fitting said to be leakproof un- 
der high pressure, severe vibration of 
extreme temperatures. 
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34 @ AUTOMATIC FEEDER. For use 
in plants where packaging is of para- 
mount importance the B. F. Gum 

Co. offers its Bar-Nun Auto-Chec 

weigher which opens feeds, weighs 
and ejects at the rate of 26 to 30 
one-lb. bags per minute. 


35 e ICE-CEL UNITS. Dole Refriger- 
ating Co. offers a new catalog describ- 
ing its vacuum cold plates for air 
conditioning and product cooling. 


36 @ TAC AN INDUSTRIAL TOOL. TAC 
is a ratchet, socket and open-end 
wrench all in one, being introduced 
by Tubing Appliance Co. for every 
use where a wrench is required. 


37 @ BAKER CHEMICALS. From J. T. 
Baker Chemical Co. a complete 
schedule of all its fine industrial 
chemicals, alphabetically arranged 
for easy use. 


38 @ pH CONTROL. The Foxboro 
Co. offers a new manual covering the 
expanded use of pH control in a 
variety of fields such as fertilizers, 
explosives, soap paint, etc. 


39 @ ELEVATED STEEL TANKS. Bulle- 
tin discussing water storage in five 
types of elevated steel tanks from 
Pittsburgh-Des Moines Steel Co. 


40 @ HEAT-TRANSFER APPARATUS. 
Illustrated presentation of some de- 


, Signs of heaters, coolers, condensers 


and heat exchangers of The Griscom- 
Russell Co. 


41 @ PULVERIZERS. Mead Mill Co. 
leaflet detailing its pulverizers for 
use on all grindable and ungrindable 
materials used in most industries. 


42 @ FLOW-RATE REGULATORS. W. A. 
Kates Co. offers a line of direct-acting 
flow-rate regulators for control of 
liquid flow wherever necessary. 


43 « DRUMS AND BARRELS. A new 


catalog covering the full line of 


USE THIS CARD 
FOR FREE DATA 


wr 
aa 
| | 
a 
- 
pe 
Postage No 
Will Be Paid Postage Stamp 
by If Mailed in th 
Add jailed in the 
5 
BUSINES 
First Class Permit Mo. 


Hackney returnable drums and bar- 
tels from Pressed Steel Tank Co. 
Available in choice of materials. 


44 @ SILASEAL. A silicone-type trans- 
parent water repellent just an- 
nounced by Surface Protection Co. 
Controls and eliminates effluores- 
cence on masonry. 


45 @ ELECTRONIC FLOW METER. In- 
strumentation data sheet presents the 
new Potter-Brown flow meter by 
Regulator 


46 @ BETTER ANALYSIS. Booklet de- 
voted to applications of infrared 


analysis. Issued regularly by Baird 
Associates, Inc. 


47 @ WELDING ANALYZER. A new 
leaflet from The Brush Development 
Co. covers its welding analyzer which 
records graphically welding current, 
etc. 


48 @ CHEM-REM. New chemically re- 
sistant paint by Speco, Inc. Acid and 
alkali-resistant black paint with sili- 
cone additive for metal, wood, etc. 


49 @ INSTRUMENTS DIGEST. A re- 
issued bulletin augmented and 
brought up to date from Minne- 
apolis-Honeywell Regulator Co. In- 
cludes items not previously covered 
and latest spectrometers, potentiom- 
eters, densitometers, etc. 


50 @ STATIONARY-CONTROL. Four- 
page leaflet giving dimensions and 
engineering information on wide- 
range, stationary-control Vari-Pitch 
sheaves with new type Magic Grip 
bushing for use with Q or R section 
belts. Allis-Chalmers Mfg. Co. 


51 @ MIXERS. Struthers Wells Corp. 
has just issued a new bulletin cover- 
ing intensive mixers, dispersion ma- 
chine kneading machines, etc., for 
wide range of materials. 


52 @ MULTI-LOUVRE DRYERS. For use 
wherever rapid and uniform drying, 
cooling and processing of bulk mate- 
rials is desired. Link-Belt Co. offers 


a new, descriptive booklet on its com- 
plete line. 


53 AMESTEAM GENERATOR. Bulle- 
tin No. 1050 from Ames Iron Works 
gives full details on Amesteam gen- 
erators. Can be connected to pur- 
chaser'’s steam, water, fuel and elec- 
tric lines and to his breeching or 
stack. Ready to operate. 


54 @ STAINLESS STEELS. A 32- 
booklet from International Nickel 
Co., Inc., gives extensive data on 
the corrosion-resisting properties of 
Austenitic chromium-nickel st:inless 
steels. 


55 @ ODORIZATION OF LPG. A solu- 
tion for odorization of LPG in the 
liquid phase is given in bulletin G-5 
from J. B. Calva & Co. 


56 @ BRUSH-ON FURAN LINING. 
Carbo-Kote 6020, a thermosetting 
furan coating which can be brushed 
or sprayed for resistance to corrosive 
chemicals. Bulletin from Carboline 
Co. 


57 @ SMOKE CONTROL. Methods of 
guarding against panic and damage 
from smoke by use of Ess Instrument 
Co. air-conditioning smoke indicators 
listed in new bulletin. 


58 @ INFRA-RED ANALYZER. Designed 
by Mine Safety Appliances Co. for 
use in rapid automatic analysis of 
fluid mixtures, precise control of 
processes, etc. 


59 ARIDIFIER. Logan Engineering 
Co. announces the Aridifier, a me- 
chanical cleaner, said to remove 92% 
of oil, moisture or dirt from com- 
pressed gas and air lines. 


60 e MODERNIZED ROLL SERVICE. A 
special service for reconditioning 
rolls guaranteeing more uniform cor- 
rugations and speedy return of rolls 
to manufacturer. Sprout-Waldron & 
Co., Inc. 


61 © PITTSBURGH LECTRODRYER CORP. 
New 32-page bulletin on how de- 


humidifying equipment solves mois- 
ture problems for industry. 


62 @ ECONOMICS IN RESEARCH. 
Battelle Memorial Institute offers a 
blueprint for planning to those inter- 
ested in research in engineering eco- 
nomics, 


63 @ PERMANITE. A furfuryl resin 
manufactured by Maurice A. Knigh 
for fabrication of corrosion-pr« 
chemical equipment. Special desig 
available. 


64 GALVANITE. Coating for irc 
or steel surfaces. Creates an electr 
chemical union uniting zinc wi 
base metal’s surface. Galvanite C 


65 @ BURNERS. Refrak screen burn 
ers, wunnel-type multiport gas burn 
ers for furnace or open-firing. I 
signed to operate with pressuriz 
mixtures of any fuel gas and air 
Selas Corp. of America. 


66 @ BROWN CONVERTERS. From 
Minneapolis- Honeywell Regulator 
Co. detailed instrumentation sheet 
on Brown converters, synchronous, 
a.c. driven vibrators. 


67 « ALCOHOL LOSS RECORDER. De- 
signed to measure accurately and 
continually record loss in alcohol 
slops. Minneapolis-Honeywell Regu- 
lator Co. 


68 @ O-RINGS Molded from Par- 
kone, a special compound of the 
Parker Appliance Co, These rings 
are extremely resistant to ambient 
temperatures of —100° F. to +500° F. 
Also useful in static sealing where 
resistance to oxidation is required. 


6? @ DUST CONTROL. Most compre- 
hensive brochure from American 
Wheelbrator & a Corp. 
Tells how cloth-type dust collectors 
handle complex problems. 


70 @ BALL BEARINGS. More than 120 
types and sizes of miniature ball 
bearings listed in a new catalog from 
Miniature Precision Bearings, Inc. 
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71 e GAUGES. New specification 
sheets from Minneapolis-Honeywell 
Regulator Co. describe indicating 
and pressure gauges, some with pneu- 
matic control. 


72 ¢ GLOSSARY ON IRON. For pro- 
ducers and users of iron castings, 
International Nickel Co., Inc., has 
issued a 36-page glossary of terms 


commonly used in this field. 


73 @ DIAPHRAGM VALVES. Both sin- 
gle-seated and low-flow valves de- 
tailed and described by Minneapolis- 
Honeywell Regulator Co. 


74 @ SLUDGE CONTROL. Modern in- 
strumentation controls for air and 
return sludge in municipal and in- 
dustrial activated sludge plants. The 
Foxboro Co. 


75 @ RADIOACTIVE EQUIPMENT. 
Nuclear Instrument & Chemical 
Corp. describes latest instruments 
and radiochemicals for radioisotope 
applications. 


76 @ ROLLER CHAIN. A new 150-page 
extensive and comprehensive catalog 
on roller chains and their applica- 
tion. Link-Belt Co. 


77 @ ACID-PROOF MATERIALS. In 
three new bulletins Aqua-Therm, 
Inc. gives all details concerning 
Fonite pipe and fittings made of 
furan resin material reinforced with 
laminations of chemical glass fabric 
cloth. Acid-proof construction. 


78 @ OM-TIGHT CONTROLS. The 
Arrow-Hart & Hegeman Electric Co. 
has a complete new line of oil-tight 
interchangeable push-button controls 
to protect machines from spray or 


flood of oil. 


79 @ FILM BADGE SERVICE. An in- 
expensive weekly service for meas- 
urement of personnel exposure to 
radiation from radioactivity, x-rays, 
or radium. Issued by Tracerlab, Inc. 


80 e SUB-A FLOTATION. A new 
process for reclaiming waste paper 
and floating away ink and other im- 
purities. Denver Equipment Co. 


81 @ CORROSION-PROOF CEMENTS 
Technical data and catalog informa- 
tion on four basic types of corrosion- 
proof cements on installations where 
acids, alkalies, solvents, etc., are used. 
Atlas Mineral Products Co. 


82 ¢ COOLING TOWERS. Illustrated 
brochure giving details and cutaway 
views of cooling towers of various 
types made by Hudson Engineering 
Corp. 


83 e BUILDING BLOCKS. Unitized op- 
tical and electronic components capa- 
ble of dealing with problems on 
monochromatic light, a new concept 
of research instrumentation. Dis- 
cussed in a bulletin from The Perkin- 
Elmer Corp. 


84 @ TABLETTING PRESSES. From 
F. J. Stokes Machine Co. catalog cov- 
ering tabletting presses for the phar- 
maceutical, powder metal and other 
industries. 


85 e INDEX. Minneapolis-Honeywell 
Regulator Co. offers a complete index 
of all its technical publications 
listed both numerically and alpha- 
betically. 


86 e D-i CELL. From The Dorr Co. 
this new cell for use in ion-exchange 
systems has two advantages, level con- 
trol and air-dome system the use of 
which provides minimum dilution of 
the solution treated. 


87 THERMOCOUPLES. Complete 
line of standard assemblies and parts 
extensively treated in a new catalog 
from Leeds & Northrup Co. 


88 e SECTIONAL LABORATORY FUR- 
NITURE. All that is new and attrac- 
tive in sectional laboratory furniture 
covered in a bulletin from Labline, 
Inc. 


89 @ STAINLESS STEEL FASTENINGS. 
All types of screws, nuts, bolts, wash- 
ers, etc., described and illustrated in 
a new catalog from Star Stainless 
Screw Co. 


90 © PROPORTIONING PUMP. For 
full information on line of mechani- 
cal drive U-type metering and pro- 
portioning pumps, a catalog from 
Hills-McCanna Co. 


91 @ AGILE PLASTICS. A complete 
line of corrosion-resistant — plastic 
pipe, tubing, and fittings manufac- 
tured by American Agile Corp. 


92 @ LATTICE-BRAID PACKINGS. A 
new type of braided packing braided 
internally as well as externally by 
The Garlock Packing Co. Unusual 
strength and durability claimed. 


93 @ SMOKE PERISCOPE. Especially 
interesting to marine and industrial 
engineers. Ess Instrument Co. has a 
Wyd-Angle smoke periscope with 90° 
vision angle for checking on stacks, 
etc., out of line of vision. 


94 @ MAINTENANCE SERVICE. Metal- 
weld, Inc. Catalog describes its serv- 
ices for industry. Protective coating, 
rubber lining, metal spraying, etc. 


95 @ SPRAY NOZZLES. Made of brass 
or special corrosion-resistant mate- 
rials for use in chemical sprays or 
chemical processes. Manufactured by 
Binks Mfg. Co. 


96 @ FOAMGLAS. Specifications for 
the application of this material to 
cellular glass insulation discussed in 
a booklet from Pittsburgh Corning 
Corp. 


97 @ ICING EQUIPMENT. Published 
by Link-Belt Co. a book which de- 
scribes and discusses icing equipment 
manufactured by this firm. 


98 @ ELECTRIC TRACTOR. For indus- 
trial towing applications where a 
heavy-duty electric tractor re- 
quired. Model MT worksaver de- 
scribed in folder from Yale & Towne 
Mfg. Co. 


99 @ PUMPS. Details of controlled 
volume air-operated pumps and 
chemical feed systems manufactured 
by Milton Roy Co. described in new 
2-color bulletin. 


100 « PRODUCTION CONTROL. How 
to use punched-card tabulating 
equipment, Sched-U-Graph and Kar- 
dex units for effective production 
control, a bulletin from Remington 
Rand, Inc. 


101 e KOROSEAL BULLETIN. From 
Metalweld, Inc., a bulletin telling 
why tank linings remain soft and pli- 
able even with strong oxidants when 
Korosealed. 


102 METRON TACHOMETERS. An- 
alyzes the principles of operation of 
Metron hand, portable and fixed in- 
stallation tachometers. From Metron 
Instrument Co. 


103 @ TRI-ROTOR PUMPS AND PARTS. 
Engineering data, descriptions of all 
models of pumps from 20 to 200 gal./ 
min. Manufactured by Yale & Towne 
Mfg. Co. 
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Lift-up powder for tired 


How Celite 
filtration 
helps boost 
oil output 


To Boost THE OUTPUT of “tired” oil wells 
bordering on the limit of economic production, 
profit-conscious operators inject water under ex- 
treme pressure into the porous oil sandstone and 
force out the accumulated oil. But first, they filter 
this repressurizing water with Celite* to remove 
the suspended solids which would eventually clog 
the microscopic pores of the sandstone, thus block- 
ing the flow of water. All waters contain at least a 
trace of these troublesome impurities. 


Celite’s ability to do an exceptional filtering job 
can be attributed to these important factors which 
make it unique among filter aids: 


Carefully processed from the purest deposit of 
diatomaceous silica known, Celite is available in 
nine standard grades—each designed to trap out 


Johns-Manville 


suspended impurities of a given size and type. 
Whenever you reorder, you are assured of the 
same uniform, accurately graded powder received 
in your initial order. Thus, with Celite, you can 
count on consistent clarity in your filerates—at 
highest rate of flow —month after month, year 
after year. 


The secondary recovery of oil by water flood- 
ing is just one of many processes in which Celite 
has provided the absolute clarity vital to a success- 
ful operation. The proper grade of Johns-Manville 
filter aid will assure you the same results — regard- 
less of the product or process involved. To have 
a Celite Filtration Engineer study your problem 
and offer recommendations, simply write Johns- 
Manville, Box 60, N.Y. 16. No cost or obligation. 


Reg. U.S. Pat. 


CELITE 


FILTER AIDS 
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U R | D GLYCERINE APPLICATION 
AWARD FOUNDED 
The Glycerine Producers’ Association 
announced last month the establishment 
of a group of awards for outstanding 
| research in the application of glycerine 
or glycerine derivatives. The awards to 


be given will consist of an honor plaque 
ecco | carrying a cash stipend of $1,000, and 
| two honor certificates carrying stipends 
| of $300 and $200 respectively. 
In announcing the awards, E. Scott 
| Pattison, manager of the Glycerine Pro- 
ducers’ Association stated the awards 
| were established for the purpose of ac- 
knowledging and encouraging research 
which advances still further the uses for 
glycerine and its derivatives in any 
product for industrial or consumer use. 
As outlined by the Association, re- 
search work eligible for nomination may 
be concerned with chemical, physical, 
or physiological properties of glycerine, 
or with properties of glycerine-contain- 
ing or glycerine-derived materials. The 
work may deal with applications which 
of themselves are currently or poten- 
tially of value to industry or the general 
public, or it may deal with scientific 
principles 


CHAS. PFIZER SUB- 
SIDIARY IN BRAZIL 


| Establishment of Pfizer Inter-Amer- 
hd eee | ican, S. A., a subsidiary of Chas. Pfizer 
“ye & Co. which will process and distribute 


| antibiotics and other pharmaceutical 


“RUBBERHIDE” is a special Goodall formula for linings products in Brazil, was announced in 


ed t f oll t Rio de Janeiro last month by John E. 

processed to exterior or interior surfaces of all types - McKeen and John J. Powers, president 

compen for | vice-president, respectively, of the 

Booklet, or submit details of | Brooklyn firm. The plant for the sub- 

dividing and processing of Pfizer prod- 

synthetic compound is inseparably bonded to the i laa ucts will be in Sao Paulo and head- 
ae ae quarters in Rio de Janeiro. 

dations. Prompt cooperation In addition to a full range of anti- 

limitation as to size, shape or service requirement of assured. biotics, the new plant will be equipped 


to process other new medicinal products 
the metal parts or products involved. Factory processed | such as Cotinazin, Pfizer’s brand of 


: : — isonicotinic acid hydrazide, now being 

in Trenton, N.J. or Chicago, lil.; or application by fleld widely tested against tuberculosis. 

crews for large or permanently installed units. Previously Fursland Laboratories had 
distributed the Pfizer antibiotics in 
Brazil. Recently, however, arrange- 


of metal equipment to provide long-lasting protection 


from corrosion and abrasion. The selected rubber or 


metal, in any required thickness. There is virtually no 


ment of the new Brazilian company. 
ey, GENERAL OFFICES, MILLS and EXPORT DIVISION, TRENTON, N. J. 


Branches Philadel w Yor! Pi tr 
(Continued from page 30) 

Kinckner, Du Pont; H. L. Malakoff, 
GOODALL RUBBER COMPANY Company Cities Service Research & Development 
4 WHITEHEAD ROAD, TRENTON 4, NJ. Address Co.; G. T. Skaperdas, M. W. Kellogg 
Please send Booklet on Linings for Cor- City —_——— | Co.; Manson Benedict, M.I.T.; H. E. 
rosion and Abrasion Control. Att. off O'Connell, Ethyl Corp.; J. W. Mayers, 


Sharples Chemicals, Inc. 
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in simplified, 
automatic Tank Gauging 


» FIGURE NO. 
AUTOMATIC 


TANK GAUGE 


ror au or LOW PRESSURE TANKS 
'.- READINGS UP TO 70 FT. 


“VAREC”, a pioneer in the development and manufacture of auto- 
matic tank gauging equipment has applied new fundamentals of 
design and operation to the Figure No. 2500 Gauge for the ultimate 
in accurate liquid level reading and dependable, trouble free 
operation. 


Representing a major improvement with this new concept of 
simplified automatic tank gauge design, the “VAREC” Figure No. 
2500 now utilizes the revolutionary Neg'ator Motor (Pat. No. 
2,063,799) housed within the gauge head, to maintain a predeter- 
mined constant tape tension. This eliminates the need for a con- 
ventional counterweight. 


Here's a 
Look Box 
You Can Read 
Easily, 


EASIEST TO INSTALL because: 


z Both counterweight and counterweight pipe have Accurately! 
been eliminated. This permits installation of the look ee i. 
box at any desired height from the ground or on re ay pm \ 
top of tank. size) ~ J 


EASIEST TO READ because: — ——— 
Full view Counter in the Look Box for quick, accurate 
reading of foot increments and a dial for reading La ae roy Ne. 2500 Automatic peepee is gas tight. 
inches and fractions. Use of large distinct numerals is adaptable to all types, arrangements and installations of low 
parce f . Elimi li pressure tanks up to 70 feet in height. “VAREC” Figure No. 2500 
minimizes chance of reading errors. Eliminates coli- Gauge Head is available as a separate unit and can be installed on 


. brated tape. existing float operated type tank gauges utilizing 4%” wide tape 
EASIEST TO OPERATE because: sheaves. 
**VAREC" patented Gravity Compensator (Pat. No. Provision has been made on the Look Box housing for installa- 
1879805) is incorporated with “inch reading” dial. tion at any later date of a “VAREC” Electronic Remote Reading 
An external Gauge Check device (Pat. No. 2555593) Gauger Transmitter for use in conjunction with the various models 
permits manual checking of gauge operation when of “VAREC” Electronic Gauger Receivers. 
desired. If you are not yet realizing the many time and money saving 


features and advantages of automatic tank gauging in your opera- 


EASIEST TO MAINTAIN because: tions, install this new, sim 
plified “VAREC” Figare No. 2500 Auto- 
All internal parts of the Figure No. 2500 Look Box matic Tank Gauge and start out ahead. Write or call your nearest 
are non-sparking in contact with each other. “VAREC” Representative for all the facts. 
Non-corrosive Graphitar tape sheave bearings — 
MAIL COUPON NOW FOR NEW BULLETIN CP.3500 
THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 N. Alomedo Street, P.O. Box 23! 
Compton, Colifornia, U.S.A. 


Dept. 
THE VAPOR RECOVERY SYSTEMS COMPANY Street and No aioe 
2820 N. Alameda Street, P. O. Box 231 City ond Stote i 

Compton, California, U.S.A. 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


The Sheepskin Crowd 


They Went To College. Ernest Have- 
mann and Patricia Salter West. Har- 
court Brace & Co., New York (1952) 
277 pp. $4.00. 


HEY Went To College” is fascinat- 

ing, especially so for engineers with 
their mania for figures and statistics. 
The volume is a study of the college 
graduate in America today, and the data 
were accumulated from a survey run by 
Time Magazine in 1947. 

The very manner in which the survey 
was thought out is in itself interesting 
enough for comment. Time asked all the 
degree-granting institutions the 
United States for the names of all grad- 
uates whose last name began with Fa. 
They then quizzed these graduates via 
a questionnaire, and of the 17,000 who 
were polled, some 9,064 answered the 
thirteen pages of questions. The tabu- 
lated results are manna for minds with 
an appetite for facts. In the matter of 
salary, the book points out there are 
certain quite positive financial returns 
that can be shown to each college grad- 
uate. In the first place they hold the 
more important jobs in our society. For 
college graduates, median income, for 
men, was $4689 against the average for 
all American men that year, $2200. 

As the authors of the book point out, 
the salary of a college man under thirty 
is higher than the highest point reached 
at any age by the non-college group. 
Then too, between the ages of thirty-five 
to forty-four the earnings of the non- 
college group drop after a peak of about 
$2845, whereas the income of the college 
graduate, instead of dropping after 
forty, as does the non-college man, con 
tinues to increase. 

There: is not too much in the book 
concerning the earnings of engineers. 
Law, medicine and dentistry seem to be, 
from this study, the highest paid pro- 
fessions; some 62% of the male grad- 
uates in these fields earned more than 
$5000. This compares with the 52% of 
the engineers who earn more than $5009. 

One of the book’s most important 
items in the study of earnings shows that 
graduates of the “Big Three,” Harvard, 
Yale or Princeton, earned about $1200 
more a year than their nearest college 
contemporaries trom other Ivy League 
colleges such as Columbia, Cornell, Dart- 
mouth, and Pennsylvania. The technical 
schools were practically $2000 below the 
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“Big Three” in terms of earning power. 

Salaries are actually a minor part of 
the study. The bulk of the book is given 
over to other more sociological facts and 
these are themselves quite important. 
One conclusion derived from the study 
is that doctors are the most envied, and, 
are the most satisfied in what they have 
done. Only 9% wish they had studied 
something other than medicine, whereas 
19% of the engineers wish they had 
studied a different type of engineering. 
Medicine, on the other hand, was the 
field most frequently envied by the min- 
ority dissatisfied with their present status 
in law, agriculture, forestry, history, 
literature, language, and pharmacy. In 
these latter two studies, one third of the 
graduates wished they had chosen a dif- 
ferent profession. Thirty per cent of the 
business administration graduates wished 
they had taken engineering, whereas a 
similar percentage out of education and 
social sciences wished it had taken busi- 
ness administration. As the editors 
winsomely sum up, on second 
thought, sometimes grass is 
greener.” 

For those who are at all analytical 
about their lives and their education, and 
possibly the future of education, this is 
a book to be studied and to be read. The 
illustrations and charts are clear, with 
a light, deft touch and one does not have 
to go through much of the text in order 
to understand them. 

Thumbnailing the rest, the book 
covers studies of the religious, political 


the 


and marital experiences, preferences and 
prejudices of graduates. It 
weighs the ex-co-ed; tells what sort of 
a wife she makes; what a career means 
to such a woman; what the chances of 
success are as It discusses 
what happens to the “greasy grind” in 
college versus the “campus bigshot”; 
what happens to the religious beliefs of 
graduates; the number who are apt to 
vote Republican; the effect on ones 
politics of getting an education in one 
state and working in another; in short, 
this is by far the most complete study 
of an important segment of our socicty, 
the college graduate. For educators it is 
required reading; for engineers with a 
professional slant on their education and 
profession it will help to bring home 
many facts that one suspected before, 
but which have never been held up to 
the impersonal analysis of an IBM 
machine. —F.J.V.A. 
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careerists, 
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What Is Patentable? 


Patents for Technical Personnel. Dr. 
Worth Wade. Chemonomics, Inc., 
New York. (1951) 40 pp. $3.00. 


Reviewed by P. L. Young, Patent Div. 
Standard Oil Development Co., Eliza- 
beth, N. J. 


HE management of research and 

development groups is continually 
facing the problem of impressing the 
importance of patents upon technical 
personnel. Many companies prepare for 
their own use manuals containing such 
information, but no convenient booklet 
has been heretofore available for the 
public. Dr. Wade has prepared such a 
manual, presumably by a hurried revis- 
ion of one of the private industrial 
counterparts. As such, it is a helpful 
beginning; but it seems a pity, in view 
of the obviously great need for such a 
publication, that it was not done with 
greater care. 

The author explains briefly what con- 
stitutes a patentable invention, what a 
patent is and how it is obtained, and 
includes discussions of patent depart- 
ment organization and the steps involved 
in keeping proper records. Hints on 
how to read and interpret patents are 
also included. 

Just what to include in a book of this 
sort is difficult to decide and is, of 
course, the product of the author's ex- 
perience and preference. In this in- 
stance, it appears to this reviewer that 
certain fundamentals such as the 
cussion of patentability, reduction to 
practice, diligence and the difficulties of 
corroboration are unduly brief and 
should be expanded and illustrated by 
specific examples. The inclusion of a 
good bibliography would help further to 
increase the reference value of this pub- 
lication. 

This reviewer believes that the empha- 
sis is not well placed in this book. The 
real need to be met is to explain the 
fundamentals of patent law with respect 
to the situations which arise directly in 
the work of the technical man and with 
which he himself must deal. In these 
matters the book should be sufficiently 
detailed and illustrative to serve as a 
sound guide to the technical man. It is 
felt that Dr. Wade's book, while ade- 
quate, does not do this to the desired 
extent and in certain portions is not 


dis- 
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What Properties in an Acid 
Do You Need Most? 


<x Non-corrosive! 


Extensive laboratory tests have shown Gluconic to be 
the least corrosive of the mild acids. 


+z Non-toxic! 


Other tests have demonstrated this acid’s non-toxicity. It is 
widely used in pharmaceutical preparations. 


+x An Effective Sequestering Agent! 


Inactivates metallic contaminants. Keeps trace metals from 
Precipitating out of solution. 


These properties explain why Gluconic is a versatile acid. It is used 
widely as an ingredient of cleaning compounds, particularly those used 
for food and beverage equipment, and is effective in beerstone preven- 
tion. It is used in the textile industry as an acid catalyst for vat soluble 
ester printing pastes and os a sequestering agent to give sharper prints 
in dyeing operations. It is also used as a sequestering agent in tanning 
and in industria! water treatment 

Gluconic acid may be the mild, non-toxic acid you have been look- 
ing for. It may help improve your present processing Operotions or sug- 
gest new ones. Additional information is contained in Technical Bulletins 
Nos. 29 and 33. Write: 

CHAS. PFIZER & CO., INC. 

630 Flushing Ave., Brooklyn 6, N.Y. 


on Ave Froncies 


Manufacturing Chemists 
for Over 100 (i 
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CORROSION-PROOFED Secretary’s Report 
BY PENNSALT S. L. TYLER 


The Executive Committee met July 
11 at The Chemists’ Club, New York. 
The Minutes of the June Meeting and 
the Treasurer’s report were accepted 
and bills were approved for payment. 

Those candidates for membership 
whose names were published in the June 
issue of “C.E.P.” were elected; also 
seventeen Student members were 
elected. 

A few appointments of personnel to 
the Local Sections Committee, Nuclear 
Energy Committee and Public Relations 
j Committee were made on recommenda- 

[Pr tion of the respective committee chair- 
ty | men. A new committee, to be known 
coating. as the Vocational Guidance Committee, 
consisting of Z. G. Deutsch, chairman, 
W. D. Kohlins and C. B. Roen was 

established. 

In accordance with invitation re- 
ceived from the Yale University School 
of Engineering to celebrate the Centen- 
nial Year of Yale School of Engineer- 
ing, Oct. 24, 1952, S. L. Tyler was 
appointed the official representative of 
the Institute. 

Secretary reported receipt of a sur- 

: plus of $509.37 from the Atlanta meet- 
ety ROORS “A ale ing and $800.34 surplus from the French 
mortar, over Penncoat : > ten Lick meeting, and it was voted to credit 
this money to the Institute Meetings 
Account. 

Resignations of five Junior members 
trom membership were accepted. 


For 13 200 hours oe The name of William H. Ailor was 


placed on the Suspense List at his re- 


this room has handled iat SO quest on entry into the Armed Forces. 
2 a4 


The name of the recently authorized 
e ° local section of the Institute with head- 
saturated with chlorine quarters in Atlanta has now been offi- 


cially changed to the Atlanta Section 
This room is a rood exam rle of Pe insalt anti-corrosion know- i = 
x I ot the Institute. 


how. It is our own room, protected by Pennsalt products, at our The Council met in the afternoon of 
Wyandotte, Michigan, plant. | July 11 at The Chemists’ Club. W. C. 

Notice the “new” look about this room—despite the fact that for Asbury, chairman or the | atents oo. 
a year and a half it has been continuously handling highly cor- | ™ tee, and L. C. Kemp, chairman 0 
rosive sulfuric acid saturated with chlorine. the Committee on Admissions, presented 
interim reports of their committees 
which were received favorably. 

The Minutes of the previous meetings 

were approved. 

Discussion of the financial obligations 
Thorough-going research, plus many years of sales-engineering of Officers and Directors — by 
experience, combine to offer you 15 different corrosion-resistant their attendance at Council eg > 
cements, as well as paints, to meet your needs. From the floor to the | led to the following decision by the 
top of your smokestack, we can offer you qualified counsel and Council : 

job-proved products to lick the problem. Write: When cost of travel might prevent a 

Corrosion Engineering Products Department, member irom assuming the duties of an 

Pennsylvania Salt Manufacturing Co., Phila. 7, Pa. Officer or Director, transportation expenses 

may be authorized for that member to not 

Pennsalt more than four meetings of Council per 

year. Transportation expenses will not be 

© . paid for attending Council Meetings held 
hemicals in connection with national meetings. 


(Continued on page 60) 


This is the kind of results you can expect when you take your 
corrosion problems to Pennsalt...a company that not only 
makes anti-corrosion products, but alse lives with the same type 
of corrosion problems you yourself do. 
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PYRITES FROM 


FEED TANK 


ORY PYRITE 
(ALTERNATE) 


AGITATOR 


CYCLONE 


| GAS TO 
ACID PLANT 


FEED PUMP 


BLOWER 


Sulphuric acid manufacturers faced with a shortage of ele- 
mental sulphur are finding in FluoSolids an economically 
feasible means of tapping sulphides as an alternate source of 
SO,. Fifteen FluoSolids Systems are now under construction 
to furnish SO, gas for contact acid plants. 


For detailed information about FluoSolids — a distinct 


from sulphide roasting 
... with the Dorrco FluoSolids System.* 


departure from conventional roasters 


Dorrco Bulletin No. 7500. Just write to The Dorr Company, 
Stamford, Conn., or in Canada, The Dorr Company, 80 


Richmond St. West, Toronto 1. 


*FivoSolids is o trademark of The Dorr Company, Reg. U.S. Pot. Off. 
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Offices, 


CALCINE 


COOLER CALCINE 


ask for a copy of 


SCRUBBING 
TOWER 
WATER 


STRIPPING TOWER j 


“Bitter tools TODAY te tomorrows demand. 


THE DORR comraay ° ENGINEERS * STAMFORD, CONN. 


Pp or 


Chemical Engineering Progress 


on FluoSolids Systems 


for $02 Production . .. 


Gas Strength will average 10- 
15% SO, from pyrite and other 
sulphides. 


Ges Cleaning Equipment is 
smaller thon with conventional 
methods. 


Feed can be coarse or very fine — 
dry or wet. 


low Mei b no 
moving ports ore exposed to high 
temperctures. 


No Extraneous Fuel Needed 
once calcining temperature is 
reached. 


Complete instrumentation mini- 
mizes the “human factor’ in operation. 


s in principal cities of the world. 
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FLOWRITES 


FLOWRITE CONDENSER TUBE 


Parent NUMBERS 2143 


Low Cost 


HEAT EXCHANGER TUBE ENDS 


In the past 31 years Conseco has provided millions of 
Flowrites for tube inlets of heat exchangers operating 
in all industries and all a 
come eroded and worn long before the remainder of the 
tube, and by reinforcing the inlets it is possible to 
increase the effective tube life many times. 

Flowrites—made of the same metal as the tubes— 
are available in any length, diameter or gauge. 


Flowrites themselves become worn (instead of the tubes!), 
just pull them out and install new, longer Flowrites. 


Get the facts from the 8-page Flowrite all 
booklet, available upon request. 


the circle seal 


principle - 


provides sealing assurance 


never before offered in 


CHECK VALVES 


VACUUM BREAKERS 


SENSITIVE LOW PRESSURE 
VENT OR RELIEF VALVES 


CIRCLE Z 
. precision check valves / 


Engineering data 
sent free of charge 
On request. 


JAMES*POND=CLARK 


1247 East Green Street, Pasadena 1, Calif 
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ications. Tube inlets be- | 


are easy to install and remove by unskilled help. When 


CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated 

grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. 

Objections to the election of any of these candidates 
from Active Members will receive careful consideration 
if received before September 15, 1952, at the Office of the 


Secretary, A.I.Ch.E., 


APPLICANTS FOR 
ACTIVE 
MEMBERSHIP 


Accountius, Oliver E., 
Columbus, Ohio 

Beuther, Harold, Pitts- 
burgh, Pa. 

Bookout, A. R., Jr., Bruns- 
wick, Ga. 

Brailsford, George W.., 
Houston, Tex. 

Currie, Mac A., Irvington, 
Calif. 

David, Lawrence J., 
Charleston, W. Va. 

Fifer, Harvey R., Los 
Angeles, Calif. 

Firstenberger, Burnett G., 
Orchard Park, N. Y. 

Heilman, Joseph A., 

St. Albans, W. Va. 

Hills, Cecil W., Jr., 
Shawinigan Falls, Que., 
Canada 

Hudig, J., Pasadena, Tex. 

Huntress, C. O., Kansas 
City, Mo. 

Jones, Bruce, Louisville, 


Kollgaard, Reyner, Phila- 
delphia, Pa. 

Lowman, William M., 
Charleston, W. Va. 

Fred J., Brooklyn, 


Reitz, Charles F., Charles- 
ton, W. Va. 
J. R., Pittsburgh, 


Shipley. Thomas N., 
Charleston, W. Va. 

Stokely, Dave R., Kings- 
port, Tenn. 

Thiede, Richard C., 
Cranford, N. J. 

Tyner, Mack, Gainesville, 


la. 

Warner, William III, 
Charleston, W. Va. 

Wellford, Landon C., 
Charleston, W. Va. 

Whipp, James V., Downey, 
Calif. 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Brick, Bayard R., St. Louis, 


Mo. 
Holley, Herschel Q., 
Huntsville, Ala. 
Mengert, William L., 
Baton Rouge, La. 
Willard, M. C., Christians- 
burg, Va. 


120 East 41st, New York 17. 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 
Aldrich, Robt. F., Aurora, 

Ohio 


Anderson, Floyd J., Jr., 
Cleveland, Ohio 

Anderson, Maynard L. 
Detroit, Mich. 

Anthony, Charles B., 
Hasbrouck Heights, N. J. 

Apperson, Charles H., 
Decatur, Ala. 

Arbit, Harold A., Boston, 


Mass. 

Ayers, William R., Wil- 
mington, ‘ 

Bahlke, Herbert, Jr., 
Chesterton, Ind. 

Baker, Ralph L., Bradley, 


Ark. 
Baker, William J., Jr., 
Glen Burnie, 


d. 
Ball, William E., St. Louis, 


Mo. 

Ballard, Louis H., Texas 
City, Tex. 

Bates, Ralph Neil, 
Wyandotte, Mich. 

Bauer, Donald, Detroit, 


ich. 
Ralph E., Chicago, 


Bean, Arthur R., Jr., 
Beverly, Mass. 

Beauclair, Gaston, Jr., 
New Orleans, La. 

Behrens, Martin A., Jr., 
Alton, Ill. 

Beiler, Richard F., Lang- 
horne, Pa. 

Benny, Arthur L., 
Compton, Calif. 

Berger, James W., Lincoln 

‘ark, N. 

Berlin, Norton H., Great 
Neck, N. Y. 

Berman, Herbert L., 
Brooklyn, N. Y. 

Beyer, John H., Panama 
City, Fla. 

Birk, Kenneth L., Pasadena, 
Tex. 


Bohn, Louis A., Rochester, 
A 
Bonner, John S., Baytown, 


‘ex. 

Boone, Merrill E., 
Aaron«burg, Pa. 

Bosworth, W. H., Jr., 
Orange, Mass. ° 

Boyer, Lyndon D., Bartles- 


ville, Okla. 


(Continued on page 48) 
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Cross-section view shows how Carpenter 
Stainless Tubing is arranged in concentric 
circles. Tubes in the inner circle are 
smaller diameter than outer tubes, to pro- 
vide clearance and prevent lumps of 
material from wedging between tubes. 


* NEEDS YouR - 


New Dryer Requires 
| the ACCURACY & UNIFORMITY 


of (arpenter Stainless Tubing 


STAINLESS TUBING 


Chemical Engineering Progress 


Moser process equipment like this rotary 
steam-tube dryer has to stay on the job. 
You can’t afford to interrupt a process for 
hours or days to replace tubes. 


That's why—after considering several 
sources—this manufacturer's orders call 
for Carpenter Stainless Tubing. He knows 
that the quality standards we set at the mill 
will safeguard the quality reputation of 
his equipment. 


Analysis, Tolerance and Finish are 
guaranteed to be ‘‘as ordered” on every 
shipment of Carpenter Stainless Tubing. 


THE CARPENTER STEEL COMPANY 
Alloy Tube Division, Union, N. J. 


Export Dept.: The Corpenter Steel Company, 
Port Washington, N. Y.—"‘CARSTEELCO’ 


—guvaranteed on every shipment 
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a new improved 
plastic diaphragm... 


“L-2” diaphragms offer new 
high standards of performance 
in many severe services 


For a wide variety of severe services, including the valving of 
66° Be sulfuric acid, the new, improved “L-2" diaphragm offers 
physical and service characteristics never before available. Like 
its predecessor, the “L-1", the "L-2" diaphragm is made of poly- 
ethylene specially compounded to provide high resistance to 
strong acids and other highly active materials. 


Hills-McCanna diaphragm valves with “L-2" diaphragms are 
available with a choice of manual, remote or automatic operators 
and with bodies of any machinable alloy or with rubber, Neo- 
prene, glass or lead linings. Sizes range from %" through 14”. 
“L-2" diaphragms permit operation at temperatures to 125°F and 
pressures to 100 psi. Other diaphragms available are Kel-F, Neo- 
prene, rubber, Hycar, Tygon, and butyl. Depending on material, 
these may be used at pressures to 150 psi, temperatures to 220°F. 


Write for complete details. HILLS-McCANNA CO., 2438 W. 
Nelson St., Chicago 18, III. 


HILLS-M‘*CANN 
saunders patent diaphragm values 


Also Manufacturers of Proportioning Pumps 


CANDIDATES 
(Continued from page 46) 


Boxler, John A., Johnstown, Pa. 
Bradbee, George R., Linden, N. J. 
Brandquist, Robert C., Chicago, -ll. 
Brief, Saul, Brooklyn, N. Y 
Brodkey, Robert S., Madison, Wis. 
— Frank Lever, Charlotteville, 


Bruce, Warren, Crere Couer, Mo. 
Bryant, John H., New Orleans, La. 
Bucknell, Roger W., Jr., Belleville, Ill. 
Buerkel, William A., Euclid, Ohio 
Burke, William H., Houston, Tex. 
Butler, Thaddeus R., New York, N. Y. 
Carbone, Dominick J., Brooklyn, N. Y. 
Carmichael, Albert S., Jr., Roslyn, N. Y. 
Carvaja!, John L., New York, N. Y. 
Cass, Richard S., Newton, Mass. 
Cederberg, George K., Firth, Idaho 
Cetnar, Bernard Walter, Detroit, Mich. 
Chandler, William P., Linden, N. J 
Chechik, Howard I., New York, N. Y. 
Cheney, John H., Roseville, Mich. 
Child, Edward T., Fairfield, Conn. 
Clarke, David W., Ovid, N. Y. 
Cochrane, George W., Bloomfield, N. J. 
Cochrane, Gordon S., Drexel Hill, Pa. 
Coleman, John S., New Orleans, La. 
Combellick, Wallace A., Gettysburg, 
Ss. 


Connell, William F., Woodstown, N. J. 
Conner, M. H., Pocatello, Idaho 
Coulman, George, Trenton, Mich. 


Craig, Robert Edward, Philadelphia, 


Pa. 
Crandell, William H., Worcester, Mass. 
Crell, Jesse, Brooklyn, N. Y. 
Crimi, Fred J., Brooklyn, N.Y. 
Cunningham, Jack W., Pasadena, Tex. 
Cushing, Ralph, Syracuse, N. Y. 
Davies, Thomas E., Joliet, iil. 
Davis, Richard C., Marion, Ind. 
De Long, Louis F., Bronx, N. Y. 
Diefenbach, R. E., Rye, N. Y. 
Donahue, John F., Jr., Portland, Me. 
Doraiswamy, L. K., New York, N. Y. 
Doumas, Arthur C., Blacksburg, Va. 
Dowler, Warren Leroy, So. Charleston, 
Ww. 


. Va. 

Dressel, Oliver D., Sappington, Mo. 
Drummond, John A., Hot Springs, Ark. 
Dumovich, Stanley J., Flushing, N. Y. 
Eber, John A., Newark, N. J. 
Elder, Wm. F., Louisville, Ky. 
Farmer, Thomas S., New Orleans, La. 
Fauver, Vernon A., W. Lafayette, Ind. 
Federman, John L., Indianapolis, Ind. 
Finch, Robert Glenn, Charlestown, Ind. 
Fischer, Charles T., Jr., Newport, Ky. 
Flack, William R., Marion, N. C. 
Fleming, Mary F., Syracuse, N. Y. 
Folk, Edwin W., Camden, S. C. 
Forsyth, Robert S., Hollis, N. Y. 
Fountain, Frank S., Norfolk, Va. 
Fried, Albert, Brooklyn, N. Y. 
Fritz, Earle, E. Chicago, Ind. 
Fritz, Jacob Christian, Jr., Baton 

Rouge, La. 
Funk, William U., Texas Citv. Tex. 
Gade, Marvin F., Menasha, Wis. 
Garvin, Robert G, Laurel, Miss. 
Gibson, Curtis A., Emporium, Pa. 
Goffinet, Edward P., Jr., Louisville, Ky. 
Gorham, John F., Stamford, Conn. 
Gow, N. Wells, Jr.. Glen Ridge, N. J. 
Grammer, Robert E., Elizabeth, N. J. 
Graven, Richard G., Sunnyside, N. Y. 
Greco, Saverio G., Brooklyn, N. Y. 
Groves, Stanford, Midland, Mich. 
Guibert, Robert M., Niagara Falls, N. Y. 
Haflin, William J., Houston, Tex. 
Hagopian, Erivan, Providence, R. I. 
Hanesian, Deran, Niagara Falls, N. Y. 


(Continued on page 50) 


Force Feed Lubricators « Magnesium Alloy Castings 
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PYREX brand 
“DOUBLE: TOUCH” 


GLASS PIPE ca 


Now you can eliminate the costly down iime 
and expensive replacement of corroded 
waste disposal piping, once and for all, with 
PYREX brand “Double-Tough” glass pipe. 
It is exceptionally resistant to all acids, 
except hydrofluoric, and also withstands 
the effects of mercury! 

PYREX pipe users report phenomenal 
savings. One large user stated that his entire 
PYREX pipe installation paid for itself 
within nine months. Another reports: “We 
have been using PYREX pipelines to dis- 
pose of corrosive wastes for nearly three 
years. We have never had a maintenance 
problem—never even had to replace a 
gasket.” 

Transparency is another advantage. You 
can keep an eye on drainage. And the ultra- 
smooth surface of glass practically elimi- 
nates the adherence of solids. 

What's more PYREX pipe is tough. It is 
highly resistant to physical and thermal 
shock. You can drain cold water immediately 
after hot acids. Available in diameters 1” to 
6” with all standard fittings, plus sink traps, 
odd angle ells and laterals. Your nearest PYREX brond Sink Traps are non- 
PYREX pipe distributor can give you complete syphoning and permit easy cleaning. 


P No plug to unscrew. Bulk of woter 
information. Corning will gladly send you his up, Godly enabled oth 
name on request, 


ordinory wrench. 


CORNING GLASS WORKS, CORNING, N. Y. 
Coming meant research it 
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HAVE YOU 
EVER NOTICED 
HOW TOUCHY 
PEOPLE GET 


.as soon as the weatherman turns 
on the heat? The medicos have a long- 
winded explanation for it, but it all 
boils down to the fact that when the 
heat is on, there's no telling what 
"hooman beins" are going to do. 


That's what we like about metals. 
If you can read...and if you can under- 
stand what you read...and if the metals 
have read about it too, and understand 
what they are supposed to do...you can 
predict just what they will do when the 
heat is on. We got all this, and a lot 
more, by reading Norman Mott's discus- 
sion on Welding Stainless Alloys. So 
before you get lost in the day's busi- 
ness, write us for a copy of Norman 
Mott's paper and watch your I.Q. jump. 


You'll learn, for example, that 
some metals, like some people, have got 
to be warmed up a bit before you can do 
anything with them...and that some of 
them have to be cooled down very grad- 
ually after you've had them all hot 
and bothered. 


Fascinating things, these metals! 


The COOPER ALLOY foundry Co. Hillside, NJ 
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| Harcarufka, John R., Curwensville, Pa. 
| Hatfield, Paul E., Springfield, Ohio 
Hausknecht, Charles E., Cleveland, 
Ohio 
Hausmann, Paul L., Washington, Mo. 
Heath, Carl E., Jr., Statesville, N. C. 
Hendrick, Edgar R., Texas City, Tex. 
Hess, Martin, Detroit, Mich. 
Hessler, Norman, Chicago, /il. 
Hill, Oliver W., Dumas, Tex. 
Hlavin, Vincent F., Ul, Cleveland, Ohio 
Hofmaier, Herbert H., Philadelphia, Pa. 
Holcomb, Eugene G., Blacksburg, Va. 
Holland, Charles R., Devon, Pa. 
Houston, Neil D., Pittsburgh, Pa. 
Hublein, Harold F., Elmhurst, N. Y. 
Hynds, James P., Jr., Akron, Ohio 
Kenneth A., Fresh Meadows, 


Jagel, Robert C., Upper Montclair, N. J. 
Jakaitis, Eugene A., Philadelphia, Pa. 
Jarvis, Lester C., Farmington, 
Jeffrey, Dwight, Columbus, Ohio 
Jindrich, R. W., Columbus, Miss. 
Jones, Richard A., Maplewood, N. J. 
Joseph, Elias F., Oak Ridge, Tenn. 
Kadner, Jacob J., Jr., St. Louis, Mo. 
Kaiser, William C., Cleveland, Ohio 
Kemp, Herman E., Jr., Pocatello, Idaho 
Keyes, John J., Jr., Oak Ridge, Tenn. 
King, James J., Jr., Hopewell, Va 
Kirsch, F. William, Newport, Del. 
Klebanoff, Gregory, Jr., Maspeth, N. Y. 
Koerner, Vance D., Edgerton, Ohio 
Kouba, Norman R., Philadelphia, Pa. 
Kripitzer, Philip, Brooklyn, N. Y 
Kumar, Prem, Delhi, India 

Kush, Alexander, Trenton, N. J. 
Langley, William D., Sweetwater, Tex. 
Lasser, Howard G., Alexandria, Va. 
Lautensack, Harry, Tonawanda, N. Y. 
Le Clair, Rene M., Charleston, W. Va. 
Lehmacher, William H., Darien, Conn. 
Lester, Herbert C., Jr., Chester, Pa. 
Leventhal, Norman L., Lynn, Mass. 

Lex, Burton Lyle, Hillsboro, Oregon 
Lichtenstadter, Manfred, Brooklyn, 


Lloyd, Julius E., Cos Cob, Conn. 
Lohrenz, John, Baton Rouge, La. 
Longo, Joseph, Jr., E. Boston, Mass. 
Lortscher, Lawrence L., Columbus, Ohio 
Maak, Robert O., New York, N. Y. 
Mac Connell, John D., Philadelphia, Pa. 
Mahne, Frank, Euclid, Ohio 
Mallatratt, Alvin S., Allentown, Pa. 
Maravell, Charles N., Louisville, Ky. 
Marcell, Richard L., Palisades Park, 


N. J. 
Markas, Stephen E., Pittsburgh, Pa. 
Marocco, Bernard P., Tuckahoe, N. Y. 
Martzolf, J. A., Fullerton, Calif. 
Marvin, Darl J., Niagara Falls, N. Y. 
Matesky, Thomas, Syracuse, N. Y. 
Mathews, William J., Jr., Bound Brook, 

J 


N. J. 
Matoi, H. James, Fontana, Calif. 
May, Irenee DuP., Wilmington, Del. 
| McCarthy, Joseph Alfred, Cleveland 
Heights, Ohio 
McGillicuddy, Robert P., Aberdeen, 
Wash. 
| Mcintyre, John F., Jr., Washington, Mo. 
McNeil, R. R., Detroit, Mich. 
| Mead, Gordon F., West Cheshire, Conn. 
Meinhardt, Alfred J., Jr., Clifton, N. J. 
Miller, Everett J., Bloomfield, N. J. 
Milne, Kevin C., Calgary, Alta., Canada 
Miskell, Ford F., Wauwatosa, Wis. 
Mixon, F. Orion, Jr., Murfreesboro, 


| N.C. 
Mladinich, John L., New York, N. Y. 
(Continued on page 52) 
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These Meters Had To Be 
ACCURATE — FLEXIBLE — RUGGED 


One hundred twenty one Republic Pneumatic 
Transmitters are measuring the flow and level 
of various acids in a large chemical processing 
plant, a section of which is pictured above. 
These transmitters have a guaranteed accuracy 
of within 44 of 1% of the transmitter range. 
By making a few minor adjustments or substi- 
tuting a few small parts, their operation can be 
easily changed to any desired range between a 
minimum of 0—0.6” of water to a maximum of 
0— 704” of water. Their construction is more 
like that of a precision machine than of the 
sensitive instrument they are. It is for these 
reasons that Republic Pneumatic Transmitters, 
even though comparatively new, have already 


been specified and installed on over 2500 in- 
dustrial metering applications. 

Republic Pnuematic Transmitters are available 
for measuring flow, liquid level, pressure or 
liquid density of a wide range of fluids. They 
employ the force-balance principle to convert 
these process variables into air pressures which 
vary proportionally. These air pressures become 
direct measurements and can be conducted to 
reading instruments or used as the measuring 
impulse for the actuation of an automatic 
controller. 

Data Book No. 1001 contains complete details 
on the construction and operation of Republic 
Transmitters. Write for your copy today. 


REPUBLIC FLOW METERS 


2240 Diversey Parkway, Chicago 47, Illinois 
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CANDIDATES 


(Continued from page 50) 


| Mohr, Richard A., Plainfield, N. J. 
Mohrmann, Fred R., West Haven, Conn. 
Montgomery, William Jackson, Texas 

City, Tex. 

Moore, Marlin C., Niagara Falls, N. Y. 
| Mraz, Paul Jeceph, Cleveland, Ohio 

Munion, James H., Philadelphia, Pa. 

Nabors, Jack D., Carlsbad, M. 

Nachbar, Milton. Ss... N.Y. 

Natkin, Alvin M., Brechlyn, N.Y. 

Naugler, Earl, Brower, Me. 

Nechvatal, Stanley R., Cleveland, Ohio 

Neuman, John Andrew, Chicago, /il. 

Neunhoffer, Charles N., Cambridge. 

ass. 

Noll, Raymond F., Avon Lake, Ohio 

Norton, John Robert, Hoxsie, R. /. 

Odle, William, Charleston, W. Va. 

| Olandt, Robert H., Bloomfield, N. J. 
Ortstadt, Alan J., Fort Wayne, Ind. 
Osment, Harry E., Birmingham, Ala. 
Painter, John Boyd, Flemington, N. 
Painter, Louis J., Philadelphia, Pa. 


Palumbo, Richard R., Akron, Ohio 
here é a Parker, Richard H., Pulaski, N. Y. 
Peck, Clyde G., Cleveland Heights, 


Ohio 
Pendleton, Elmer L., Columbus, Ohio 
PYROFLEX CONSTRUCTED A | Perkins, Thomas K., Dallas, Tex. 
Pettit, J. Phillips, Cincinnati, Ohio 
Phillips, Martin A., Jr., Cleveland, 
Ohio 
Phinney, C. M., Jr., Larned, Kan. 
Pierce, Gerald E., Lake Jackson, Tex. 
RROSIVE SOLUTION Piser, John W., Mineola, N. Y. 
EV Plowright, John D., Wilmington, Del. 
Post, Vincent H., Pottsville, Pa. 
| Prescott, George R., Charleston, 


| W. Va. 
Pritchard, B. L., Jr., Clovis, N. M. 
dividually engineered to do a specific job. | Raynes, Mitchell, Augusta, Ga. 


Redgrift, Harry F., Boston, Mass. 
For example, the pickling tank above must Reimer, Donald W., Cactus, Tex. 


: : . Reitman, Paul, Brooklyn, N. Y. 
handle a hot sulphuric acid solution. A Richter, Tolimend #8. Je., Clarhweed, 


steel shell was lined with a heat-bonded Tex. 
Rinald, Donald, Wvood-Ridge, N. J. 
Pyroflex sheet membrane. Two courses of Rivas, Fred Blake, Nizen, Ni. J. 
: | Roberts, John R., Drexel Hill, Pa. 
acid-proof brick set in Knight No. 2 Acid- | Ten. 
i i be Robinson, S. Bernard, Fort Wayne, Ind. 
. Ext 
Proof Cement were Exterior sur: on, A 2. 
faces were covered with Pyroflex. The re- | Rogak, Earl D., Brooklyn, N. Y 
insid | Rose, Vincent C., Jr., Tiverton, R. /. 
sult is a tank completely resistant inside Ross, Edward F., Cuyahoga Falls, Ohio 
: we! Ross, Kenneth R., Newton Fails, N. Y. 
and out to the corrosive conditions under 
Two courses of acid proof brick which it must function. Rumsey, David S., Charleston, W. Va. 
set in Knight acid proof cement 
are installed over Pyroflex lin- Tanks for pickling ousialess — handle Saylor, Richard E., Niles, Ohio 
nitric and hydrofluoric acid. Suitably con- Schmitz, Charles J., New York, N. Y. 
Schoepfer, Arthur E., Chicago, 
structed tanks are also built for this Schere, Freak C.. Jv. Providence, R. L. 
Schrock, Donald B., Avon Lake, io 
service. Pyroflex Construction is not limited to the use of any 
particular materials. Each unit is constructed of whatever materials Sharangpani, R. M., New York, N. Y. 
| Shayer, Lawrence D., Brooklyn, N. Y. 
best meet individual requirements. Thus, you are assured of a tank Shoch, Clarence T., Jr., Louisville, Ky. 
tailor made to fit your job — to give long trouble-free service with roma | rg a. es 
less maintenance and down time. Pyroflex-Constructed Tanks can be —e Philip J., Jr., Maplewood, 


shipped F.O.B. Akron, or lined on the job site by skilled field crews. | Silberzweig, Harold, Brooklyn, N. Y. 
| Singley, Lynn W., 
| Si lian, George, Elmhurst, N. Y. 
Write for Bulletin No. 2F, Pyroflex Construction. Sleik, Harold, Bronx, N. Y. 
Slusser, Robert P., So. Charleston, 
W. Va. 


| Smith, Howard, Brooklyn, N. Y. 
| Smith, John R., Euclid, Ohio 


(Continued on page 61) 


Every Pyroflex-Constructed Tank is in- 


ing in pickling tank. 
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Bays" Maurice A. Knic 708 Kelly Ave., Akron, Ohio 
Acid and Alkali-proof Chemical Equipment | 
§ 


‘sectional hairpin 
heat exchangers 


@ You'll get almost unlimited flexibility to meet changes in 
duties, plant re-arrangements, etc., with Brown Fintube Sectional Heat 
Exchangers. By simply adding a few sections to your existing exchangers, 
or removing a few sections, or changing the series-parallel manifolding, 
change-overs can be made easily and quickly. You can be operating 
efficiently on almost any new or different duty, on short notice, with a 


minimum of expense for new equipment, and without obsoleting any 
of your former facilities. 


For utmost efficiency and economy use Brown Fintube Sectional Heat 
Exchangers throughout your plant. Write for Bulletin No. 512. 


Sectional Hairpin Heat Exchangers 


THE BROWN FINTUBE CO. "<<": 


© Indirect Process Air Heaters 


Fintube Heaters for Processing Tanks 
Elyria, Integralty Welded Fintubes for Any Heating, 


Cooling or Heat Transfer Service 


NEW YORK * BOSTON © PHILADELPHIA © WILMINGTON © PITTSBURGH * BUFFALO * CLEVELAND * CINCINNATI * DETROIT * CHICAGO 
ST. PAUL © ST. LOUIS © MEMPHIS © BIRMINGHAM © NEW ORLEANS * TULSA * HOUSTON * LOS ANGELES * SAN FRANCISCO 
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MARGINAL NOTES 


(Continued from page 42) 


ufficiently clear to exclude the possibil- 
ity of misunderstanding. There are 
substantial errors, as on page 35 where 
it is stated that 
“one generic claim and also claims to 
the invention.” There, 
of course, may be more than one generic 


a patent may contam 


two species of 
claim in any patent, ar d for many years 
claims to three species were allowed. 
Currently the Patent Office allows a 
patent to contain claims to five species 
in addition to generic claims. 

While the photographs add little to 
the understanding of the text, the author 
uses charts and check lists helpfully. 
However, the final check list contains a 
puzzling statement in which the author 
says that, after filing, the patent appli- 
cation should always be sent by regis- 
tered mail with a cover letter. But he 
is entirely silent as to why and to whom 
a filed application should have to be sent, 
by registered mail or otherwise. Another 
peculiar statement is that infringement 
suits are “usually” brought in the Fed- 
eral Courts. At one time, this may have 
been an open question, but it seems clear 
now that the Federal Courts have ex- 
clusive jurisdiction. 

The author mentions foreign patents, 
hut does not describe the difficult prob- 
lems peculiar to them. 

rhe booklet many virtues, the 
chief one being that it is the only publi- 
cation of 
type. 


has 


this much-needed, condensed 


Cathedic Protection. A Report of the 
Correlating Committee on Cathodic 
Protection. National Association of 
Corrosion Engineers, Houston 2, Tex. 
(1951) 33 pp. 50 cents a copy. 


Reviewed by R. B. Mears, Mar. Re 
search and Development Lab., U. S. 
Steel Co., Pittsburgh, Pa. 


HIS booklet was prepared by a com- 
mittee sponsored by ten national in- 
dustrial organizations and an engineer- 
ing Its purpose is to dis- 
information the use of 
cathodic protection to reduce destruction 


association. 
seminate on 
of underground structures by corrosion. 
The booklet is made up of four bulletins 
and a The foreword points 
out that underground corrosion is cost- 


foreword, 


ing American industry about a billion 
dollars annually and that much of this 
economic loss can be prevented by the 
proper application of cathodic protec- 
tion. 

One part is directed toward manage- 
ment or general-interest readers. It de 
scribes in general terms the causes of 
underground corrosion and the various 
means of preventing or reducing it. Ad- 
cathodic protection 


vantages ot 


are 
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stressed. It is emphasized, however, that 
installation of cathodic protection should 
generally be a cooperative effort and that 
any operator planning a cathodic protec- 
tion installation should notify operators 
of neighboring buried structures so that 
interaction problems can be appraised. 
Cathodic protection notification pro- 
cedures are covered in more detail and 
made that committees 
be formed in urban areas to assist in the 
correlation of cathodic protection noti- 
fication and survey problems. 
Fundamentals of the application of 
cathodic protection and the mitigation 
of any electrolytic corrosion, caused by 


suggestions are 


stray currents from cathodic protective 
systems, are discussed. Technical prac- 
tices now in use for determining how 
much protective current is required are 
described and information is given on 
the location and spacing of current sup- 
ply points. Relative merits of external 
power sources are compared with those 
of various types of galvanic anodes. A 
bibliography on cathodic protection, con- 
taining 56 references, is attached to this 
Bulletin. 

Joint cathodic protection systems are 
described. Techniques for the design 
and installation of such joint systems, 
possible divisions of responsibility for 
their construction, operation and main- 
tenance, and the sharing of costs are all 
discussed. Also, an outline of the prin- 
cipal points that may be included in any 
agreement between the owners of the 
various structures, is presented. 

This booklet fills a definite need. 
Copies of it should be available to the 
supervisory and engineering personnel 
of all pipe-line companies, water and 
gas companies, electric power, telephone 
and telegraph companies. It is to such 
people that the booklet is primarily di- 
rected. In addition, the electrical engi- 
neering staffs and maintenance engi- 
neers in the metallurgical and chemical 
industries should also become familiar 
with this booklet. In the plants of such 
industries there are frequently many 
miles of underground structures that 
would benefit by being cathodically pro- 
tected. This booklet an ex- 
cellent introduction to the subject of 
cathodic protection of the underground 
structures in such mills. 


serves as 


A Best Seller for Better Living 


The Story of the Rockefeller Founda- 
tion. Raymond B. Fosdick. Harper 
and Brothers, New York. (1952) 336 
pp. $4.50. 

Reviewed by W. W 

Chmn., Chem. Enq. Div.. 

search Institute, Kansas City, 


Niven, Jr., 
Midwest Re- 
Mo. 

HIS book presents an informative 
narration of the trials. tribulations 
and successes encountered in the forma- 
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tion and operation of one of the first 
great private organizations devoted to 
“betterment of world-wide human wel- 
fare.” It is hard for us to understand 
today that any benefactor having mul- 
lions of dollars to offer “with no strings 
attached” should meet strong resistance. 
Yet, all too often, such was the situation 
facing the Rockeieller Foundation, even 
from the Congress of the United States. 

Mr. Fosdick, through his long asso- 
ciation with the Foundation, for twelve 
years as president, is eminently qualified 
to tell this story, and 
highly readable and interesting manner. 
One “fault” lies in the fact that, in an 
extensive recognition of those who con- 
tributed to the success of the Founda- 
tion, he scarcely mentions his own part. 

To quote Mr. Fosdick, “This book is 
primarily for laymen . The range 
of the activities of the Rockefeller 
Foundation is so vast and covers so 
many fields that any description pre- 
pared for specialists would have to be 
prepared by a group . The vast- 
ness of this range is attested by the 
profound parts played by the Institute 
in public health, medicine, medical edu- 
cation, agriculture, social sciences and 
the humanities. 

The chemical engineer should. not ex- 
pect in this book to find answers to 
his immediate professional problems. As 
a common participant in the strivings 
of the human race towards a better life, 
he will learn much about the demon- 
strated accomplishments that are 
sible from the important combination: 
A plan and a means. 


does so im a 


pos- 


A Story Called Aluminum 


ALCOA An American’ Enterprise. 
Charles C. Carr. Rinehart & Co., Inc., 
New York (1952) 292 pp. $3.50. 


evening this reviewer gazes 
from the top of a Riverside Drive 
bus across the Hudson River to the 
Jersey Palisades and spots the word 
ALCOA in red lights and in green un- 
derneath the appositional—Aluminum 
Company of America. Nothing more, 
just a product, just a corporation. Or 
so it seemed until Charles Carr, pub- 
licity representative of the above-men- 
tioned company for 15 years, produced a 
readable book of a great American un- 
dertaking. This history will not only 
interest the metallurgist, and those who 
have business with metals, but also the 
man who finds inspiration and encour- 
agement in an account of the pioneering 
work and vicissitudes which a company 
endures in passing from a small venture 
to a great enterprise. 

And a gigantic enterprise this can be 
termed, jud 


ging by its war record alone. 
The only published record of wartime 


(Continued on page 56) 
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FROM NATURAL GAS 


Mathieson Chemical Corporation Plant 
Doe Run, Kentucky 


From Gabe, Kentucky, liquid hydrocarbons extracted 
from natural gas are piped to Doe Run. Here, at the 
rate of 450,000 gallons per day, they are converted into 
domestic bottled gas, natural gasoline, and “permanent” 
anti-freeze, as well as intermediates for the manufacture 


£ of plastics and synthetic fibres. 


STONE & wRBSTER ENGINEERING CORPORATION 


@ BADGER PROCESS DIVISION 
AFFALIATED WITH E. B. BADGER & SONS (GREAT BRITAIN) LTD. 


Hydrocarbon Extraction Plant 
Tennessee Gas Transmission Company, Gabe, Kentucky 
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PROBLEM: 
PUMPING CORROSIVE CHEMICALS ? 
POSITIVE, AUTOMATICALLY-REGULATED FEED ? 
CONTAMINATION ? 
STUFFING BOX TROUBLE? 


SOLUTION: 


Chemicals successfully being handled include gum and sludge 
inhibitors, metal deactivators, anti-oxidants, dyes and stabilizers. 
Also those for boiler water or processing water treatment 

trated sulphuric acid, sulphite, filter aid slurries, liquid 
caustic. For the Lapp Pulsafeeder is the positive-displ t pump 
for controlled-volume pumping of liquids which depends on no stuff- 
ing box or running seal—avoids contamination by an hydraulically- 
balanced diaphragm which isolates pumping mechanism from chem- 
ical being handled. Pumps against pressures up to 2,000 Ibs., at 
constant pumping speed—variable flow results from variation only 
in piston-stroke length. Auto-Pneumatic control uses instrument 
air pressure responding to any instrument-measurable variable. 


GOT A SPECIAL PROBLEM? Every month we heor about 


applications to which the Lapp Pulsafeeder is the long-awaited answer. A 
newly-issued bulletin, No. 300, will tell you about our pump and its chorac- 
teristics, with typicol applications and flow charts. A Pulsofeeder Inquiry Data 
Sheet, on which you can outline your processing requirement, will bring an 
engineering recommendation. Write us today. Lapp Insulator Co., Inc., Process 
Equipment Division, 538 Mople Street, Le Roy, N. Y. 


PULSAFEEDER. 
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performance over Alcoa signature was 
a “Timetable of Aluminum for Vic- 
tory,” issued in the spring of 1943. The 
figure of $250,000,000 mentioned in the 
Timetable as the amount of Alcoa’s own 
money or credit invested in expansions 
became $300,000,000 by V-J Day. In 
addition to this, the company built for 
the government, without fee or profit, 
aluminum plants representing an invest- 
ment in excess of $450,000,000. Into 
these accomplishments went the brains 
and brawn of thousands of men who in- 
herited some of the verve and courage 
of the progenitors of this venture—men 
who before the turn of the century had 
gotten hold of an idea and had carried 
it through to fruition. 

It was Charles Martin Hall, a twenty- 
two-year-old American, who succeeded 
in his search for an economical method 
and commercially useful process of mak- 
ing aluminum. The Hall process is 
essentially the commercial process cur- 
rently in use though the author refers 
to the continuing efforts of the company 
to add improvements in accordance with 
today’s requirements. In eulogizing the 
work of Hall, full credit is given also 
by the author to Oersted, the Danish 
scientist, who sixty years before Hall 
(1826) produced metallic aluminum 
from its compounds. 

In Mr. Carr’s moving tale of Alcoa’s 
growth and development are stories 
within his main one, namely that of 
water power, patents, the struggle for 
early markets, beginnings of industrial 
research, the Federal Trade Investiga- 
tion, Labor Relations, World War I as 
it affected Alcoa and the contrast of the 
demands on Alcoa during World War 
II. 

As supplementary information the 
author gives a chronological record of 
Alcoa’s Labor Negotiations 1935-50. He 
also includes an index of names and sub- 
jects. Alcoa is not just a popular name 
in lights—in Mr. Carr’s appraisal it is 
a significant industry in war and in 
—H.R.G. 


Books Received 


Technical Publications 1949. 4th vol. 
Arman E. Becker, editor. Standard 
Oil Company (New Jersey) (1951) 551 
pp. 

Twenty-four articles are reprinted in 
this fourth volume of Technical Publi- 
cations, together with the list of other 
papers, published in technical journals 
during 1949 by members of Standard 
Oil Company (New Jersey) and affil- 
iated companies. 

The Phosphatides. Harold Wittcoff. 
Reinhold Publishing Corp., New York. 
(1951) 564 pp. $10.00. 


August, 1952 


= 

14 i | 
EEDER 
Pp U L A F 

| 
4 
4 | 
| 
| 
| 

| 
‘ 
| 
2. 
P 
= 


Now... closer 
temperature approaches 
heat exchange 


(X+-200°)F 


FLUID B 
(x+-207°}F 


ruins 


(X-+7°)F 


WITH BLL BRAZED ALUMINUM SURFACE 


TRANE Brazed Aluminum can handle heat transfer 


. even with large temperature 
0° between three, four, five or more streams simultaneously 


change or 
. you can obtain temperature approaches of 5° to 1 


TRANE Brazed Aluminum heat exchange surface 
makes it not only possible—but practical! That’s because 
the new TRANE Brazed Aluminum packs up to 450 
square feet of surface into a single cukie foot of space. 

‘This huge amount of surface in a single unit makes 
ma~imum use of available pressure drop. And you don’t 
lose pressure through connections. 


—liquid to liquid, liquid to gas, or gas to gas. Tempera> 
tures from 500° F. to -300° F. Tested at pressures up 
to 1000 Psig. 


Want more information? Contact your nearest TRANE sales 
office, or write The TRANE Company, LaCrosse, Wis. 


WHAT IS BRAZED ALUMINUM? A stack of flat plates and 
corrugated fins in layers, all brazed in perfect bond. 
Strong, light, compact and completely flexible. Illustration 
below shows strong fillet formed between fin and plate. 


TRANE 


THE TRANE COMPANY, LA CROSSE, WIS. 
Eastern Mfg. Division, Scranton, Po. 
Trane Company of Canada, Lid. . . 
Offices in 80 U.S. and 14 Conadion 


MANUFACTURING ENGINEERS OF HEATING, VENTILATING, 
AIR CONDITIONING AND HEAT TRANSFER EQUIPMENT 
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SPONSORSHIP OF ADVANCED STUDY 
IN CHEMICAL ENGINEERING 


COURSES 


M. C. THRODAHL, R. VOORHEES, and A. G. DRAEGER 


HE Professional Guidance Commit- 
the Institute has 
promoting 


for 
activities 


tee of some 
among 
the local sections aimed at improving the 
sense of professional status and re- 
sponsibility, among the 
younger members of the Institute. Many 
employers have been aware that 


time been 


especially 


a num- 
ber of chemical engineers who seem to 
show unusual promise upon graduation 
from college, pass through a definite 
slack period a few years after leaving 
school 
of these men feel they are not making 
satistactory progress 


It has been observed that some 


either from the 
point of view of professional develop- 
ment or with to advancement 
their organization. One oi v- 
eral projects the Committee has under- 
taken, in efforts to alleviate this situa- 
tion, is a program of refresher courses in 
chemical engineering principles, as well 
as advanced training of a similar nature 
By tormalizing this program of study 
into definite clas 


respect 
within 


es meeting at regular 
times some measure ot progress can be 
made among the participants of such 
Courses 
Inauguration of the study program 
sponsored by the Charleston Section be- 
gan as 


subcommittee of the 


a result of discussions between 
Myatt, chairman of this project 
Protessional Guid- 
ance Committee, and representatives of 
the Charleston Section during the White 
Sulphur March, 
1951 Was appointed to 
the Professional Guidance Project Sub- 


committee to improve liaison between the 


Springs meeting in 


R. Voorhees 


local and national groups. The Charles- 
ton representatives were confident that 
such a program could be organized and 
operated, and pointed to the success of 
a somewhat similar program which 
flourished in the Charleston area during 
the vears just prior to World War IL. 
(The Charleston Section of the Insti- 
tute was not organized at that time and 
the study program was operated by an 
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Charleston (W. Va.) Section 


EDITOR'S NOTE 


The Institute’s sponsorship of 
projects for improving the pro- 
fession has yielded some interest- 
ing results at the local level. Three 
one-day “Teach the Teacher” 
schools, held at chemical engineer- 
ing plants for chemical engineering 
faculty members, were the out- 
come of a project initiated three 
years ago by the Chemical Engi- 
neering Education Projects Com- 
mittee (/, 4). Activities of the 
New York Section in counseling 
and stimulating chemical engineer- 
ing students and young graduates 
were recently reported (5). A 
New Jersey Section lecture series, 
independently initiated about two 
years ago, was most successful 
(3). The story on A.I.Ch.E. com- 
mittee activities was started in 
1951 (2). 


organization known as the Charleston 
Junior Engineers Association. The 
CJEA was formed in 1938 and operated 
until about 1942, 
disband 


when it was forced to 
because of the press of war 
activities. ) 

The approximately one hundred mem- 
bers of the CJEA organized and con- 
ducted about four study courses simul- 
taneously. Each met for one 
evening every alternate week and lasted 
from four to eight months. With few 
except there were no regular in 
structors, most of the groups being self- 
taught through the procedure of having 
the material assigned in rotation to dif- 
ferent members of the class who would 
then familiarize themselves with it and 
report back to the class at some later 
date. Two of these classes were in the 
form of group correspondence classes 
material for the course was 
furnished by a university offering this 
type of program. Most of the courses 
offered during this period were techni- 


course 


ms 


wherein 
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cal in nature, comprising subjects such 
as advanced distillation, organic chem- 
istry, corporation industrial 
relations, ete. 


finance, 


Unit Operations Committee. lhe 
suggestion that the Charleston Section 
sponsor some sort of program was taken 
up with the Executive Committee of this 
Section in the spring of 1951 and met 
an enthusiastic response. A Unit Opera- 
tions Committee was appointed, com, 
posed of the following Junior members 
of the Institute: A. G. Draeger, West- 
vaco; H. S. Edwards, Jr., Carbide; 
\. A. Gruber, DuPont; D. E. Hilde- 
brandt, DuPont; W. R. Manning, Car- 
bide; R. J. Sollenberger, Carbide; and 
M. C. Throdah!, Monsanto, chairman. 
The Committee's first task was to survey 
the junior membership of the Section to 
determine whether there was interest in 
a study course program, 


Organization and Operation of 
Courses. On the basis of this survey 
among the Junior members of the In- 
stitute in May, 1951, the Unit Opera- 
tions Committee proceeded with the or- 
ganization and supervision of two 
courses beginning in October, 1951, and 
continuing through to June, 1952. The 
initial survey was limited to the classi- 
cal unit operations only. Those unit 
operations receiving greatest preference 
in this survey were as follows: Distil- 
lation, Heat Transfer, Fluid Flow, and 
Absorption. 

The response to the first course in 
Advanced Distillation was far greater 
than expected and it was necessary to 
limit the enrollment to 148 persons, the 
capacity of the available lecture room. 
More than fifty advanced enrollment 
fees were returned because of lack of 
seating space. 

As a result of the survey the Com- 
mittee designed a curriculum for each 


(Continued on page 63) 
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(Above) View of recently com- 
pleted annex to Consolidated 
Edison's power plant... another 
link in their gigantic expansion 
program. (Right) Close-up of J-M 
85°) Magnesia Insulation on boil- 
er feed lines. It was expertly 
installed by the Asbestos Construc- 
tion Company, Inc., an outstand- 
ing J-M Insulation Contractor. 


Like all materials that went into the new 
power plant addition of New York's lead- 
ing gas and electric supplier...the pipe 
insulation had to be the best. That's why 
Consolidated Edison Co. specified J-M 85% 
Magnesia . . . industry's No. 1 insulation for 
many decades and still the teader in its class. 

J-M 85% Mag is the leading insula- 
tion on the market for temperatures up to 
600F. It is bonded with asbestos fibers. This 
rugged insulation will not distort regard- 
less of the length of time it stays in service. 
J-M 85% Magnesia fits snug and stays put. 
Heat savings, therefore, remain constant for 
the life of the equipment on which this in- 
sulation is applied. 

For temperatures over GOOF, J-M 85% 
Magnesia is used in combination with 
Superex*, a J-M insulation for service to 
1900F. This double-layer construction, 
known as Superex Combi i 
through joints and protects the jacket 
against scorching. It also utilizes the higher 
*Reg. U.S. Pat. Off. 


ion, eli 


CON EDISON SPECIFIES J-M 85% MAGNESIA 
PIPE INSULATION FOR MAXIMUM FUEL SAVINGS 


heat resistance of Superex next to the hot 
surface, and the greater insulating value of 
J-M 85% Magnesia for the outer layer. 


Experience has proved that all insula- 
tions must properly installed to pay 
maximum dividends. That's why Johns- 
Manville offers industry the services of ex- 
perienced insulation engineers and installa- 
tion contractors who have made a career of 
solving complex insulation problems. From 
coast to coast, these engineers and the con- 
tractor’s highly skilled mechanics stand 
ready to combine their talents and give you 
an insulation job that will more than pay 
off your initial investment with maximum 
fuel savings through the years. 

When you face your next insulating 
problem ...r ber that Johns-Manville 
is “Insulation Headquarters.” Consult your 
near-by J-M Insulation Contractor ... or 
write direct to Johns-Manville, Box 60, 
New York 16, New York. In 
Canada, write 199 Bay Street, 

Toronto 1, Ontario. LV] 


Johns-Manville First in INSULATION 


For this new addition to their New York City 
\ power plant at East River and [4th Street... 


a 


Skilled Applicators on the team of a 
J-M Insulation Contractor applying J-M 
85° Magnesia to pipelines. Located 
throughour the nation, these contractors 
have had years of experience handling 
all types of installations. They know J-M 
850% Magnesia and other J-M insulations 
as quality products, and take pride in 
applying them properly. Result: an insu- 
lation job that pays dividends through 
the years in maximum fuel savings. 
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STANDARDAIRE 


BLOWERS (07 cacy 
ADAPTABILITY 


Standardaire Blower with side 
intake and discharge. 


Standardaire Blower with turbine 
and gear drive unit. 


Standardaire Blower with side 
intake and end discharge. 


Installation showing three 
Standardaire Blowers. 
Write 


A 


N DARDAIRE 


vl meet the specific needs 
for industry, Standardaire’s 
unique design provides for 
maximum flexibility in meet- 
ing unusual requirements 
for intake and discharge 
connections. For example, 
the blower intake or dis- 
charge ports can be located 
on the end, top, bottom or 
sides----two intake or dis- 
charge ports may also be 
provided when necessary. 
These exclusive features, 
plus provisions for direct 
drive by a power unit of 
your choice, are typical 
examples of Standardaire’s 
adaptability. 


Standardaire Blower with 
single top intake and two 
side discharge ports. 


Read Standard Corporation, Dept.F16_— 
370 Lexington Ave., New York 17, N.Y. 
BLOWER-STOKER DIVISION 


READ STANDARD 


CORPORATION 


NEW YORK . CHICAGO - YORK - LOS ANGELES 
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SECRETARY'S REPORT 


(Continued from page 44) 


Upon recommendation of the Local 
Sections Committee, Council voted to 
authorize the establishment as a local 
section of the Institute the group known 
as the Nashville Society of Chemical 
Engineers. The section shall be called 
the Nashville Section of the Institute. 

In an effort to determine the interest 
of the membership in the publication of 
a Cumulative Index to the Transactions 
of the Institute, Volumes 1-42, a notice 
has been mailed with the Chicago Meet- 
ing Program. If published, this Index 
would not exceed $10.00 per copy. 

The Counci! reviewed the financial 
status of the Student Chapter News and 
its prospects for the school year 1952- 
1953, after which it was decided to con- 
tinue the publication of the Student 
Chapter News and to retain J. G. Knud- 
sen as Editor. 

The report of the Chemical Engineer- 
ing Education and Accrediting Commit- 
tee was received and the recommenda- 
tions of the Committee to act favorably 
on twenty-three chemical engineering 
curricula were approved. 


Nominees for Directors 1953-1955 
Suggested by Local Sections 


Local sections have suggested the fol- 
lowing as possible nominees for Direc- 
tors for three years in accordance with 
practice established a few years ago: 


Section Nominee 

Baton Rouge—L. B. Smith 
Boston—A. W. Fisher, Jr. 
Central Ohio—Frank C, Croxton 
Chicago—W. L. Faith 
Cleveland—Curry E. Ford 
Columbia Valley—Lee Van Horn 
Detroit—D. L. Katz 
Kansas City—C. W. Nofsinger 
Maryland—Melvin C. Molstad 
New Jersey—Eger V. Murphree 
New York—L. P. Scoville 
Northern California—Lee Van Horn 
Ohio Valley—Proctor Thompson 
Oklahoma—G, G. Oberfell 
Philadelphia-W ilmington—W. T. Dixon 
Pittsburgh—Carl C. Monrad 
Rochester—John L. Patterson 
Southern Calitornia—Lee Van Horn 
South Texas—Ralph H. Price 
Terre Haute—R. Norris Shreve 
Texas Panhandle—G. G. Oberfell 
Tulsa—I. A. Anson 
Twin City—Jose B. Calva 
Washington-Oregon—Lee Van Horn 
Western Massachusetts—Allan W. Low 
Western New York—C. C. Coakley 

Of the sections not listed six have in- 
(licated that they will not make a nomi- 
nation this year and no reply has been 
received from eight sections. The orig- 
inal notice requesting nominee sugges- 
tions was sent out March 6; on May 8 
a second letter was sent to those from 
whom we had not heard, and a third 
letter was sent May 29. It can now be 
assumed that the list of local section 
nominees as shown here is complete. 
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CANDIDATES 


(Continued from page 52) 


Tulley, Washington, 


— 'B. Bernard, Solvay, N. Y. 
Snyder, Milton, Brooklyn, N. Y. 
Soehlke, Richard George, Alton, Ill. 
Spalding, Joseph M., Louisville, Ky. 
Spinelli, Filbert E., McKeesport, Pa. 
Stern, Herman A., Lancaster, Pa. 
Stimpfl, Richard J., Hempstead, N. Y. j 
Stolton, Stephen J., Milwaukee, Wis. | 
Struber, Victor R., Brooklyn, N. Y. j 
Sullivan William J., Schenectady, N. Y. | 


aN you MEASURE, 


120 1000000 


Taylor, Gordon J., Cleveland, Ohio 
Thomaides, Lazarus, Jersey City, N. J. 
Thorne, Henry C., Jr., Ithaca, N. Y. | 
Vaughn, William A., Nitro, W. Va. 
VanHoozer, John, Windsor, Mo. | 
Vogt, Harvey J., Columbus, Ohio 
Wagner, William F., Louisville, Ky. 
Walden, Philip A., Fremont, Ohio 
Walters, Frederick W., Brooklyn, N. Y. 
Walters, William H., Wilkes-Barre, Pa. 
Wareham, L. D., Houston, Tex. 
Weissman, Irving H., Houston, Tex. 
Whitney, Philip G., Montclair, N. J. 
— Harry A., Walnut Creek, 

— Frank R., So. Ozone Park, 


Wolfberg, Leonard H., Joliet, Jil. 
Wooten, Perry R., Alton, I i. 


Worthylake, Chester A., Jr., Augusta, 
yatt, Edward S., Brazil, Ind. 
NULL-TYPE MEASURING SYSTEM 


utilizing radioactivity, will do this and many 
FLUID TURBULENCE other measurement feats you may have thought 
COCURS BATURALLY virtually impossible! At the Cleveland instru- 


A basic problem in fluid turbulence 
was recently solved at Columbia Univer- } 


NEWS 


(Continued from page 40) 


ment show you will be able to see it work—learn 


sity. The mathematical solution has how it performs gas analysis, indicates interface 
baffled engineers and physicists since | 

1888, when the English scientist Wil- | liquid level measurements, measures surface 
liam Thomson Kelvin started specula- | films without contact with the material being 
tion on it. 


Announcement of the solution was measured—and with unheard-of simplicity, 
made by Prot. Wallace J. Eckert, direc- 
tor of the Watson Scientific Computing 
Laboratory at Columbia. The work was 
done under the direction of Dr. L. H. 


SOMETHING NEW HAS BEEN ADDED TO THE SCIENCE 

OF MEASUREMENT—PLAN TO SEE IT AT BOOTH G16— 

SEPTEMBER 8 THROUGH 12. 


amazing acchracy! 


hand computation into 150 hr. of ma- 
chine-operating time, performing some 
20,000,000 calculations in the process. 

The controversy just settled con- 
cerned the origin of turbulence in a 
stream of fluid flowing at uniform speed 
between two parallel plates. A hypothet- 
ical example of this situation would be 
a curtain of water falling between 
parallel sheets of glass at constant speed. 


FROM RADIOACTIVITY 


Kelvin and many present-day theor- THE 
ists in the science of hydrodynamics | OHMART 
have been convinced that some finite, CORPORATION 
(Continued on page 62) | 2347 Ferguson Road, Cincinnati 38, Ohio. 
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“More 
Capacity from 
Existing 
Equipment 7” 


Heat Transfer Equipment 


“One of our problems was to add more capacity to sul- 
phuric acid concentrator equipment. Even if we had 
space for them, it would take months to build more 
concentrators. By installing tantalum bayonet heaters 
and using higher steam pressures, we got the desired 
additional output. In some cases, concentrator capac- 
ity was increased 300 per cent.’ 


TANTALUM BAYONET HEATER 
used in Simonson-Mantius concen- 
trator for H2SO4 recovery. More 
than 250 bayonet heaters have 
been made for this use. The first, 
installed in 1945, is still in service. 


USE TANTALUM WITH ECONOMY for most 
acid solutions, corrosive gases or vapors; not with HF, alka- 
lis, or substances containing free SO3. 


TANTALUM 


22403C 
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FLUID TURBULENCE 
(Continued from page 61) 


outside disturbance would have to be 
introduced into the “plane Poiseuille 
flow” just described to break up its 
regular motion. The Columbia-IBM 
finding proves, however, that fluids of 
low viscosity when moving rapidly be- 
come unstable without any outside in- 
fluence. The solution of the elementary 
problem of instability in a plane Poi- 
seuille flow may prove of value in laying 
the groundwork for a comprehensive 
theory of turbulence in general. 

A numerical attempt of the problem 
just solved was suggested four years 
ago by Dr. John von Neumann of the 
Institute for Advanced Study at Prince- 
ton, N. J. A limited number of cases 
were solved mathematically on IBM's 
calculator at that time but these were 
not for sufficiently rapid flow to settle 
the controversy conclusively.. 

The latest attack was launched by Dr. 
Thomas who worked out a method of 
solving for the complex “eigen-values” 
of the Orr-Sommerifeld differential 
equation—determinations which solved 
the long-standing controversy. The 
equations were adapted to the giant cal- 
culator by Phyllis K. Brown and Donald 
A. Quarles, Jr., of IBM's pure science 
department. 

Discussing the implications of the 
work, Professor Thomas said: 


This settles one point of a very difficult 
problem. There is no accepted theory of 
turbulent motion and how it sets in, though 
much empirical data exist. The difficulty 
is that theorists haven't been able to push 
beyond the data with certainty—they are 
not sure what would happen in some of the 
simplest cases of fluid flow. To work these 
out without computation requires very trou- 
blesome mathematical analysis. Until the 
advent of machines like the IBM SSEC 
we were incapable of handling such com- 
plex problems by direct computing 

Our results have iortunately settled 
some current arguments in hydrodynamics 

specific ry they support the work of 
Prof. C. Lin of the Massachusetts Insti- 
tute of Technology who was able to arrive 
at some similar results by using asymptotic 
formulas. 

It is our hope that solving this problem 
in hydrodynamics will open up the way to 
dealing with other relatively simple prob- 
lems which also have resisted solution. 
Naturally, we hope results of this kind will 
help in the task of obtaining a good theory 
of turbulent motion. 


HIGH PRESSURE SYMPOSIUM 


(Continued from page 27) 


Design and Application of Controlled 
Volume Pumps for High Pressures— 
Donald H. Jones, mechanical engineer, 
Milton Roy Co. 


Seals to Minimize Leakage at Higher 
B. A. Niemeier, Experiment 
Ine. 


A Static-Dynamic Load Machine for 
High Pressure—/. 7. Ficischhauer and 
E. G. Dorsey, Jr., Experiment Inc 
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CHARLESTON COURSES 


(Continued from page 58) 


of the courses on the basis of three-hour 
sessions held alternate weeks. During 
the summer of 1951, the Distillation cur- 
riculum was planned, the lecturers con- 
tacted, and the lecture hall procured. 
Heat Transfer course arrangements 
were handled in a similar manner during 
the progress of the Distillation course. 
Names of lecturers and subjects cov- 
ered are listed in Tables 1 and 2. (See 
September issue.) 

Members of the classes included some 
who had scarcely used unit operations 
since college as well as others who were 
design specialists on familiar terms with 
some of the more advanced phases. Ob- 
viously, the level of presentation had 
to be somewhere in between these limits, 
but yet not discouraging or boring to 
either extreme of participant. The 
course design, therefore, included a re- 
view of basic principles, with each lec- 
turer starting from scratch, together 
with selected material to cover more 
advanced topics. 

The Committee was fortunate in ob- 
taining the services of an outstanding 
group of experts in their respective 
fields of chemical engineering. Their 
willingness to come to Charleston on a 
prearranged date, often at some incon- 
venience, together with their exception- 
ally high standards of presentation is 
gratefully acknowledged. Each _lec- 
turer’s contribution to the success of 
these courses cannot be overestimated. 
Particular recognition belongs to two 
members of the Charleston Section, Dr. 
E. H. TenEyck of the DuPont Co., 
Belle. W. Va., and C. E. McConnell, 
Jr., Carbide and Carbon Chemicals Co., 
South Charleston, W. Va., who so ably 
handled assignments in the Distillation 
course. 

Each lecturer was asked to provide a 
complete set of notes and appropriate 
problems for multilith reproduction. The 
notes and problems were received at 
least ten days prior to each lecture to 
allow time for typing, proofreading, and 


printing. Distribution of each set was | 


made immediately prior to each lecture. 
A “bonus” in the form of complimentary 
copies for the Distillation class mem- 
bers of “A Source Book of Technical 
Literature on Fractional Distillation” 
was provided through the courtesy of 
Dr. Paul Foote, executive vice-presi- 
dent, Gulf Research and Development 
Corp. 

The lecture room was _ obtained 
through the courtesy of Morris Harvey 
College, Charleston, and much of the 
success of the course program was due 
to its excellent facilities. 


(To be cont'd in the September issue) 


PROCESS CONTROLS 


INFRA 


PROVIDES ACCURATE AUTOMATIC 


END POINT 
ANALYSIS... 


ACETYLENE ——> 


ETHYLENE——— 


Acrylonitrile 
Acetaldehyde 
Acetic Acid 

Vinyl Chloride 
be 


ethytene Glycol 
Ethylene Oxide 
Ethanol 

| Ethylene Dichloride 


with the 
PROCESS 


CONTROL > 
PLANT STREAM 
ANALYZER 


- The decisive factor in the 


economic success of a proc- 


ess is product quality and 
yield. 


» End-point analysis for con- 


centration variations is a re- 
liable index of product 
quality and yield. 

Through end-point control, 
the results of such analyses 
can be used to provide auto- 
matic and continuous cor- 
rection of the process 
variables. 


For these reasons, end-point analysis and its control application 
have become of major significance to the process engineer. 

The PROCESS CONTROLS Plant Stream Analyzer is specifically 
engineered for end-point analysis and control applications. 


Write today for Bulletin 36, describing this instrument - - - and for 
the article “Process Control by End-Point Analysis” from the May 


issue of Chemical Engineering. 


on of Baird 


33 UNIVERSITY ROAD 


Inc. 


‘CAMBRIDGE 38, MASSA 
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Strongest, toughest. 
Good for alkalis, or- 
ganic acids, many 
solvents. Tempera- 
tures to 250°F. 


For HOT acids, sol- 
vents, up to 300°F. 
Tops for dust col- 
lection in hot, cor- 
rosive fumes. 


~ 


These versatile fab- 
rics resist both acids, 
bases, even in high concentrations. Tem- 
peratures to 230°F. 


One of the four materials listed above is 
best for any tough filtration or dust-collec- 
tion job that can be handled by fabric-type 
er These strong, chemical-resistant fab- 
rics last 3 to 30 times longer than ordinary 
materials . . . save up to thousands of dol- 
lars a yeor. 
FEON fabrics can save on your tough jobs, 
too. They are made in a variety of weaves 
. as yard goods . . . or as pre-fitted 
elements for any type of equipment. Write 
us today. 


selector chart, 
technical dota, case 
histories. Send for it today. 


FILTRATION FABRICS DIVISION 


FILTRATION ENGINEERS, INC. 


155 Oraton St., Newark 4, N. J. 
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CHICAGO MEETING 


(Continued from page 23) 


and will occupy considerably more than 
10,000 ft. of floor space. On display 
during the entire period of the centen- 


Date Symposium 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 


Education and Training 
Food 
Tools 


Transportation 

Mineral Industries 
Structures and Construction 
Chemical Industries 
Engineers Day 
Communications 


Energy 


Health and Human Engineering 
Urbanization 


The Role of the Organized Profession 


nial, they will illustrate the basic factors 
contributing to the growth and develop- 
ment of this country, with special em- 
phasis on the part engineering has 
played. 

Symposia planned are as follows: 

Place 

Eighth Street Theatre 
Eighth Street Theatre 
Palmer House Ballroom 
Eighth Street Theatre 
Conrad Hilton Ballroom 
Hotel Sherman Ballroom 


Eighth Street Theatre 
Eighth Street Theatre 


Eighth Street Theatre 
Conrad Hilton Ballroom 


La Salle Hotel Ballroom 
La Salle Ballroom 


EXPANSION FOR OAK 
RIDGE AND PADUCAH 


Award of construction contracts for 
expansion of the U. S. Atomic Energy 
Commission’s gaseous diffusion plants 
at Oak Ridge, Tenn., and Paducah, Ky., 
was announced by M. W. Boyer, AEC 
general manager. 

A $464,000,000 addition at Oak Ridge 
will be built by the Maxon Construction 
Co. of Dayton, Ohio. At Paducah, the 
prime contract on a $459,000,000 addi- 
tion to the uranium-235 separation plant 
under construction has _ been 


| awarded to F. H. McGraw and Co., of 


Hartiord, Conn. McGraw is also con- 
tractor for the production facilities now 
being built at Paducah. 

Carbide and Carbon Chemicals Co., a 
division of Union Carbide and Carbon 
Corp., will operate both new plant addi- 
tions. 


DO YOU NEED 
CHEMICAL ENGINEERS? 


Approximately sixty chemical engi- 
neers are scheduled to be released from 
active service U. S. Army, at Tooele, 
Utah, this coming fall. This group has 
been active as enlisted specialists in the 
field testing program of the Chemical 
Corps and is making plans now for civil- 
ian employment. 

A committee appointed by the home- 
grown Dugway ‘Technical Society has 
been appointed to make a group intro- 
ductory contact by correspondence with 
interested companies. This committee 
will assume the duties of a college place- 
ment service in making arrangements 
for interviews and housing accommoda- 
tions. Any industrial concern interested 


| can contact Ralph F. Peak, 2nd Lt. 


Technical Detachment Commander, 
Dugway Proving Ground, Tooele, Utah, 


or the Dugway Technical Society. 
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MANPOWER CONFERENCE 


A conference on manpower utilization 
in national security will be held in 
Chicago during the Centennial of Engi- 
neering, under the auspices of the 
Engineering Manpower Commission of 
Engineers Joint Council. The meeting 
will be in cooperation with the Western 
Society of Engineers, and will take 
place Sunday, Sept. 7, in the Grand 
Ballroom of the Conrad Hilton Hotel. 

The opening session in the morning, 
will see O. W. Eshbach in the chair. 
Dr. Eshbach is president of the Western 
Society of Engineers and dean of the 
Northwestern Technological Institute. 
The first speaker will be Carey H. 
Brown, chairman of the Engineering 
Manpower Commission, manager of 
manufacturing and engineering services, 
Eastman Kodak Co., Kodak Park 
Works, Rochester, N. Y., who will 
speak on “Manpower Utilization in 
National Security.” T' re will then be 
a discussion of the wh le problem by a 
panel which will include Dr. Arthur S. 
Adams, president, American Council on 
Education, Hon. William C. Foster, de- 
puty director of defense, Gen. Lewis B. 
Hershey, director of selective service, 
Dr. Harry S. Rogers, chairman, Engi- 
neers’ Council for Professional Develop- 
ment, and J. E. Trainee, vice-president 
Firestone Tire & Rubber Co. 

An afternoon forum will be held also 
that day at which time those who at- 
tended the conference and those inter- 
ested in manpower questions from every 
angle, will be able to submit their ques- 
tions to a panel expert in all phases of 
the selective service and manpower 
utilization. 

The session will close with a summary 
by A. C. Monteith, vice-president, 
Westinghouse Electric Corp. 
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CANADA POINTS THE WAY 
—FENNEBRESQUE 


“As long as Canada follows her deeply 
ingrained traditions of good government 
and sound control of natural resources, I 
believe that the chemical industry can 
expand indefinitely and contribute 
greatly towards a more abundant life 
for the people.” With these words, John 
D. Fennebresque, vice-president, Celan- 
ese Corporation of America, concluded 
an address before the Chemical Institute 
of Canada in Montreal, Quebec, June 2, 
1952, in which he discussed Canada’s 
postwar expansion including the devel- 
opment of the chemical and petro- 
chemical industries. 

Some of the more important chemical 
projects, now being constructed in 
Canada, referred to in the talk, are: 


Canadian Chemical Co., Ltd., a division 
of Canadian Chemical and Cellulose Co., 
Ltd., is constructing a $55,000,000 plant 
at Edmonton, Alta. This plant will pro- 
duce acetic acid and other organic chemicals 
as well as cellulose acetate, and staple fiber. 

Canadian Industries, Ltd., is constructing 
two large plants—a $20,000,000 nylon inter- 
mediate unit at Maitland, Ont., and a poly- 
ethylene plant at Edmonton. 

Dominion Tar and Chemical is building 
an ethylene glycol unit in Montreal. 

British American Oil Co. and Shawinigan 
Chemical are jointly building a phenol- 


acetone plant in Montreal which will utilize 
a new process. : 
Shell Chemical Co., is constructing a unit 


for the production of isopropyl alcohol and | 


acetone at Montreal at a cost of about 
$3,000,000. 


Bakelite Corp. is building a two-million | 


dollar formaldehyde plant at Belleville, Ont. 


Mr. Fennebresque talked at some 
length on petrochemistry stating that an 
important factor in the growth of petro- 
chemicals is the development of many 
new processes and techniques resulting 
from extensive research and also from 
the large number of pure raw materials 
available from petroleum. 

Mr. Fennebresque gave considerable 
credit for the expansion programs now 
under way to the attitude of the Canad- 
ian Government. For example, it ex- 
amines individual industrial ventures to 
make sure that they will contribute to 
the best interests of the nation as a whole. 
Its fiscal policies, with comparatively 
moderate company income-tax laws at- 
tract capital investment to Canada. 


Thereby dependence on imports has been 


reduced by a decision to process native 
raw materials and to develop large ex- 
port markets. He paid tribute to the 


people—“people who are willing to take 


chances and subordinate security to the 
challenge of participating in new daring 
ventures.” 


SEND FOR PSC 


BUBBLE CAP BULLETIN 21 


Largest Compilation of Engineering Data. 
Lists 200 Styles Furnished Without Die Cost. 


This standard reference contains complete 
specification information for over 200 
standard styles of bubble caps and risers. 
Also drawings for use in determining 
methods of tray assembly. All styles list- 


THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. 


ed in Bulletin 21 are furnished promptly, 
without die cost, and in any alloy to meet 
your coking or corrosion problems. Special 
caps gladly designed; 
write as to your needs. 


POCKET SIZE pH METER 
Nothing Like It! 


Uses Electrometric Principle 

ELIMINATES indicating solu- 
tions, measurement of sample, 
and color matching. 

¢ ELIMINATES errors due to sam- 
pling techniques, turbidity, and 
presence of oxidizing or reducing 
agents. 

And Provides— 

e INSTANT, continuous, direct 
reading of pH with no buttons to 
hold down or dials to turn. 

¢ CONTINUOUS reading over full 
pH range with no changes of 
solutions or adjustments. 


REVOLUTIONARY PROBE UNIT 
PROVIDES ON-THE-SPOT 
pH READING ANYWHERE 


e ELIMINATES supports, 
holders, beakers, and 
separate electrodes. 

e ELIMINATES 
trips to the . 
laboratory. “| 
Completely self 
contained in water-proof ever- 
ready case with shoulder strap. 

PRICE $125.00 


Instrument size: 3 x 5% x 2% inches 
Case size: 334 x 6'2 x 4% inches 
Weight with accessories: 3 Ibs. 


| ANALYTICAL MEASUREMENTS, INC. 
wi 585 Main St., Chatham, N. J. 

Please Send Full Information To: 

Name 
Company 


Street = 


3 
= 
i | 
> 
| 
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— | 
| 
| 
| 
Custom Fabricators for the Process Industries Since 1928. Send Your Blue Prints Hm 
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DISTILLATION FOR A DAY 


FOR LESS THAN $500 | 
YOU CAN SOLVE YOUR For the same committee, namely, 


the A.I.Ch.E. Chemical Engineer- 
ing Education Projects Com- 

SMALL PRODUCTION PROBLEMS mittee, an _ industry - sponsored 
was for one day, 

ay 24, in the Baytown refiner 

~~ WITH THE MODEL G5S of the Humble Oil & Refining Co. 

The subject discussed was Distilla- 


tion. Industry in the Houston 
area has been cooperative and 
Humble has stated its intention of 


putting on another school when- 


ever it is desired. 
re Last month we covered another 
such meeting held in New England 


by the Monsanto Chemical Co. 
LUMPY CHEMICALS, SOAP, (see page 37). More of these 
GLUE and many other materials } schools are contemplated and ar- 
can be reduced to uniform granu- rangements are being made by 
lation in this Model G5S Prater members of the above-named com- 
Pulverizer! Low in price... mittee. 
compact and sturdy in structure... On page 58 of this issue is an 
it does an economical, efficient job account of another “Teach the 
on low-volume grinding. Built Teacher Series, an endeavor of 
with the same high standards of the Chemical Engineering Educa- 
quality and workmanship as larger tion Projects Committee. 

Prater models. 


to 7% horsepower. Write for C2 
Proter Pulverizer, Model G5S NOTHER industry-sponsored school, 


with motor, coupling and base 


this one sponsored by the Humble 


Oil and Refining Co., Baytown, Tex., 
PRATER PULVERIZER COMPANY was held May 24 by the Chemical Engi- 


rt, Chic 50, Wl. ? 
PRATER Se, Gout, Gage neering Education Projects Committee 
of A.LCh.E. 


The subject was Distilla- 


tion. 


Schools represented were: University 
of Texas; A. and M. College of Texas; 
Rice Institute; Tulane University; La- 
mar Tech; University of Arkansas; 
Louisiana Tech.; and Texas Tech. 

The meeting was held at Baytown re- 
finery conference Room A—Research 
Center, and the program was as follows: 


9:00 A.M. Introduction—A. A. Draeger 
9:15 Operation of Bubble - Cap 
Trays—G. W. Wilson 
Terminology 
C. F. Braun Co. Movie 
FLAT SPRAY i Calculation Methods 
, Plant Testing of Bubble 
Towers 
Spilling Indicators 
Inspection of Light Ends 
Tower 
12:15 P.M. Lunch 
1:30 Review 
2:00 Design of Bubble Towers— 
G. T. Atkins 


Development of Methods 
Applications 


; 2 3:00 P.M. IBM Fractionation Calcula- 
tions—W. M. Harp 
b IBM Movie 


Applications 


Setting Up Problems 


Write ee NOZZLE CATALOG to | Inspection of IBM Ma- 


chines 


SPRAY ENGINEERING C0. 


132 CENTRAL STREET + SOMERVILLE 45, MASS. 


Social Hour and Dinner 
(Houston) 
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FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the AI.Ch.E. Program Commutiee 
Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y. 


MEETINGS 


Chicago, Ill., Palmer House, Sept 
11-13, 1952. 

Technical Program Chairman: 
D. A. Dahlstrom, Chem. ‘ 
Dept., Northwestern University, 
Evanston, I! 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec. 
7-10, 1952. 

Technical Program Chairman: R. L 
Savage, Dept. of Chem. Eng., Case 
Inst. of Tech., Cleveland 6, Ohio. 


Biloxi, Miss., Buena Vista Hotel, 
Mar. 8-11, 1953. 

Technical Program Chairman: Nor- 
man A. Spector, Vitro Corp., 233 
Broadway, New York 7, N. Y. 

Toronto, Canada, Royal-York Hotel, 
April 26-29, 1953. 

Technical Program Chairman: Bry- 
mer Williams, Dept. of Chem. and 
Met. Eng., University of Michi- 
gan, Ann Arbor, Mich. 

San Francisco, Calif., Fairmont and 
Mark Hopkins Hotels, Sept. 13-16, 
1953 

Technical Program Chairman: R. 
W. Moulton, Head, Dept. of Chem. 
Eng., University of Washington, 
Seattle, Wash. 


Annual—St. Louis, Mo.. Hotel Jef- 
ferson, Dec. 13-16. 1953 

Technical Proaram Chairman: R. M. 
Lawrence, Monsanto Chem. Co., 
St. Louis 4, Mo 


SYMPOSIA 


Distribution of Chemicals 


Chairman: D. A. Dahistrom, North- 
western University, Evanston, Ill. 
Mecting—Chicago, 


Monobed Ion Exchange 


Chairman: F. J. Van Antwerpen, 
Editor, Chemical Engineering l’ro- 
120 East 41st St., New York 
17, N 

Mecting—Chicago, Ill. 


Applied Thermodynamics 

Chairman: W. C. Edmister, Cali- 
fornia Research Corp., Richmond, 
Calif. 

Meeting—Cleveland, Ohio 

Human Relations 

Chairman: R. L. Demmerle, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y. 

Meeting—Cleveland, Ohio. 


Modern Statistical Methods in 
Chemical Engineering 

Chairman: C. Daniel, Engineering 
Statistician, Ave., 
New York 33, 

Filtration 

Chairman: F. M. Tiller, Dir., Div. 
of Eng. Lamar State College of 
Technology, Beaumont, Tex. 

Meeting—Cleveland, Ohio 


High Pressure 

Chairman: E. W. Comings, Head, 
School of Chem. & Met. Eng., 
Purdue University, Lafayette, Ind. 

Meeting—Cleveland, Ohio. 


Mineral Engineering Techniques 
for Chemical Engineers 

Chairman: N. Morash, Titanium 
Div., National Lead Co. P. O. 
Box 58. South Amboy, N. | 

Meeting—Biloxi, Miss. 


Chemical Engineering in Hydro- 
metallurgy 

Chairman: John D. Sullivan, Battelle 
Memorial Institute, Columbus, 
Ohio. 

Co-Chairman: John Clegg, Battelle 
Memorial Institute, Columbus, 

hio 


Fluid Mechanics 

Chairman: R. W. Moulton, Head. 
Dept. of Chem. Eng., University of 
Washington, Seattle, Wash 

Absorption 

Chai rman: R. L. Pigford, Div. of 


Chem. Eng. Univ. of Delaware, 
Newark, Del. 


Authors wishing to present papers at a scheduled meeting of the A.1.ChE 
should first query the Chairman of the A.LCh.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia. instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they shouid obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts. and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared. one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor's 
office. Manuscripts not received 70 days before a meeting cannot be considered 
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Your 
Cylinder’s 
Good Friend... 


HAND 
OPERATED 
4-WAY 
VALVE 


Three models: Com- 
pletely Manual Spring 
Return to Neutral — 
Spring Return to 
Reverse. Flow cycles | 
to handle most 
requirements. 


FOOT 
OPERATED 
4-WAY 
VALVE 
Same as Hand Operated Vaive, except foot 


operation replaces hand. Leaves hands fre@ 
for other work 


POWER 
OPERATED 
4-WAY 
VALVE 

For remote control, safety or automatic equip- 
ment. Suitable for solenoid, cam, finger, toe 
or hand operation. 

Ledeen valves are built in sizes from te 
1¥4" standard pipe tap —to operate air and 


hydraulic cylinders and motors, single and 
Gouble acting. 


Write for Bulletin 1000 


VALVES © CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS © AIR HOISTS 
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In Chicago in September, the 
A.LCh.E. meeting and the— 


seventh 
national 
chemical 
exposition 


seftlemler 


ch tcage coliseum 


—with the latest in equip- 
ment, processes, products, 
and ideas to help you with 
your problems. 


Here's your chance to talk to the 
experts, to see what they are 
developing for you, to compare 
the actual tools of your trade. 


All this, plus the technical pro- 
grams of thirty-five engineering 
societies cooperating in the 


CENTENNIAL OF 
ENGINEERING 


You can’t afford to miss it! 


LOCAL SECTION NEWS 


TULSA 


The Tulsa Section will be host for 
the annual state Meeting this year and 
members directing this activity are: 

. P. Cook 
. Reynolds 
. S. Wood 

Registration...........R. J. Stanclift 

Publicity. R. H. Jacoby and Glen Davis 

Fimance...............-M. M. Ramer 
This one-day meeting will be held at 
the University of Tulsa Oct. 11. It is 
planned to have “Petrochemicals” as the 
main theme. The following papers have 
been promised at this date: 


A paper describing the work of 
Phillips Petroleum Co. on the produc- 
tion of nitrogen chemicals (ammonia, 
urea, etc.) from natural gas. 

A paper on shale oil refining by J. D 
Lankford of the U. S. Bureau of 
Mines, Rifle, Colo. 

A paper concerning the effect of 
economics on the utilization of LPG 
by B. R. Carney of the Warren Pe- 
troleum Corp., Tulsa. 


Other papers are expected concerning 
ethylene production, acetylene produc- 
tion, polyethylene and low-temperature 
gasoline plants. 

The June meeting featured the start 
of 1952 competition for the Junior 
Engineer's Speech Award, the L. K. 
Cecil Trophy. George M. Rambosek of 
Stanolind Oil and Gas Co. discussed 
“The P-V-T-X Relationships in the 
Binary System, Propane-Hydrogen Sul- 
fide,” and Ray. J. Stanclift of The 
Carter Oil Co. talked on “The Predic- 
tion of Packed Tower Performance.” 


SOUTH TEXAS 


Symposium on hydrocarbons from pe- 
troleum, another on fractionation and 
design, plus a general meeting and a 
symposium for students, will feature the 
Seventh Annual Meeting of this Sec- 
tion, to be held Oct. 24 at the Rice 
Hotel in Houston. 

Officers of the organization say that 
attendance will exceed 500. John J. 
McKetta, Jr., editorial director of 
Petroleum Refiner, is general chairman 
of the meeting. 


NORTHERN CALIFORNIA 


At a regular dinner meeting held on 
June 16 at the Engineers’ Club in San 
Francisco, Prof. H. A. Johnson, of the 
University of California, discussed 
“Heat Transfer with Liquid Metals.” 
He described the history of research in 
this relatively unexplored field, the na- 
ture and results of some of the experi- 
mental work, and the general character 
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of this type of heat transfer. Metals 
used for this purpose include mercury, 
antimony-bismuth, and the alkali metals. 
The attendance was approximately 
sixty-five at this, the last regular meet- 
ing until September. 

Reported by D. F. Rynning 


SABINE AREA 


The following officers have 
elected for the year 1952-53: 


been 


Chairman 
Corp. 
Chairman-elect—F. M. Tiller, Lamar 
College of Technology 

Secretary-Treasurer—ti, M. High, Jr., 
Du Pont Co 

Executive Committee 
lor, Gulf Oil Corp.; 
Pont Co.; 
rich Co. 

Retiring Chairman—S, L. Reeburgh, 
Jr., Gulf Oil Corp. 


Reported by D. J. McCarthy 


W. H. Litchfield, Gulf Oil 


Herman Tay- 
D. D. Lee, Du 
John Sabot, B. F. Good- 


NATIONAL CAPITAL 


Officers elected for 1952-53 are as fol- 
lows: 


Kavanaugh 

G, A. Schwabland 

R. D. Sheeline 
At the June 23 meeting Carl Setter- 
strom, sales manager for textile fibers, 
Carbide and Carbon Chemicals Co., de- 
scribed new synthetic fibers from both 
their technical and fashion standpoints. 


Reported by D. P. Herron 


WESTERN NEW YORK 


A recent meeting of this Section con- 
sisted of a plant trip through the Merck- 
ens Chocolate Co., Buffalo, N. Y., which 
was followed by dinner and refresh- 
ments at the Hotel Stuyvesant. 

The group saw the manufacture of 
chocolate, beginning with the cleaning 
and roasting of the cacao beans through 
the mixing of the final ingredients to 
produce sweet chocolate. A group of 
approximately forty-five engineers and 
their wives enjoyed the trip. 

Reported by W’. C. Greenwald 


NASHVILLE 


The Nashville Society of Chemical 
Engineers has recently been authorized 
by Council as a local section of A.I. 
Ch.E. under the name of Nashville Sec- 
tion. Since January 17, 1952, when 
Richard N. Lyon of the Oak Ridge 
National Laboratory, spoke on “Liquid 
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Metals Heat Transfer” we have had 
Roy W. Sudoff, associate director 
of development for the Chemstrand 
Corp., speak on “Textile Fibers” 
at a dinner meeting; Chalmer G. 
Kirkbride, member of the board of 
directors for the National A.I.Ch.E., 
speak on “Membership in the National 
A.LCh.E.”; Dan ~ May, vice-presi- 
dent of May Hosiery Mill, speak on 
“Random Thoughts on Our Modern 
American Economy,” and L. S. Davis, 
rayon process development with the 
Du Pont Co.., speak on “Personal Ex- 
periences of an American Engineer in 
a British Industrial Plant.” 

Officers elected for the year 1952 
were: 


Chairman........... E. E. Litkenhous 
Vice-Chairman,...... H. J. Kimbrough 
Secretary-Treasurer.......J. C. Katz 
Director for two years...}. C. Barnett 
Director for one year..N. A. Copeland 


Reported by J. C. Katz 


NEW ORLEANS 


At a dinner meeting at the Engineers’ 
and Architects’ Club of New Orleans, a 
group of twenty-five members and visi- 
tors heard J. Gordon Wallis, of Napko 
Paint Co., New Orleans, speak on 
“Wash Primers.” Mr. Wallis pioneered 
the use of wash primers in the Guli 
Coast area. 

An announcement was made at the 
meeting that this Section had accepted 
society membership in The Engineers’ 
and Architects’ Club of New Orleans. 


Reported by Alton S. Hall 


ENLISTED SPECIALISTS 
CHEM. ENGINEERING CLUB 


The Enlisted Specialists Chemical 
Engineering Club held its meeting 
June 23 at the Army Chemical Center, 
Md. The guest speaker was Sidney J. 
Kirkpatrick, of the McGraw-Hill Pub- 
lishing Co., who addressed some hun- 
dred young engineers on the problems 
facing the young chemical engineer 
in the profession. Since the audi- 
ence consisted of young chemical engi- 
neers out of college for periods vary- 
ing from one to five years, the sub- 
ject was applicable and brought up some 
pertinent problems of the profession. 

The Placement Committee that the 
Club has recently organized is well un- 
der way. Quite a few companies have 
already been to the Center to interview 
some of the several hundred enlisted 
specialists who await separation in the 
next six months. Companies interested 
in the service are invited to write to 
the Club’s Placement Committee, Box 
100, Building No. 330 at the Chemical 
Center. 


@ Ic describes and illustrates all models Bin- 
Dicator bin level indicators for thin or thick 
walled bins, inside or outside location and sus- 
pended interior installation in tanks, silos, 
hoppers and bins. Also describes Bin-Flo 
Aerator for materials mov- 
ing. Many wiring diagrams. Write for this 
helpful new catalog. 


THE BIN-DICATOR CO. 


213946-H Kercheval + Detroit 15, Mich. 


This Plant Claims Their 


HEAT SAVINGS PAID 
_ for NICHOLSON TRAPS 


Nicholson expansion steam densate at 160° and others 
traps were installed by a proces- discharging it at about steam 
sor on tank heaters and coils temperature, they feel heat loss 
where various unit temperatures was cut nearly in half. Due to 
from 160° to 185°F had to be their effectiveness in controlling 
maintained. The steam tempera- temperature as well as draining 
ture was 320°F. Figuring the condensate, Nicholson traps are 
difference in heat loss between paying for themselves in many 
Nicholson traps discharging con- _ industries. 


~ 


“For All Equipment Using Steam or Hot Water 


Agitators Pipe Coils Sterilizers 
| CATALOG Crystallizers Radiators Storage Tank: 
751 Dryers Retorts Washers 
OR SEE Evaporators Steam Stills Water Stills 


Heat Exchangers 
SweET's Kettles 214 Oregon St., Wilkes-Barre, Pa. 


NICHOLSON 


TRAPS - VALVES - FLOATS 
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PACKAGED 
PULVERIZER 


Wet or Dry 
Grinding 


Make power connec- 
tions only and the 
Hardinge Dry 
Grinding Unit is 
ready to perform. 
Self-contained and 
portable. high. 
Complete with Con- 
stant-Weight Feeder, 
Conical Mill, Loop 
Classifier, dust col- 
lector, and “Electric 
Kar” grinding con 
trol. Similar model 
for wet grinding. 


Bulletin AH-373-40. 


HARDINGE 
COMPANY, INCORPORATED 
YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


NEW YORK 17 @ SAN FRANCISCO 11 @ CHICAGO 6 @ HIBBING, MINN. e TORONTO 1 
122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


COLD 


WE HAVE THE ANSWER! 


For your Heat Ex- 

changers and Chemical 

Process Equipment— 

look to the organization 

that has the engineering 

know-how to design 

them correctly and the 

plant facilities to build 

them well. More than a 

quarter of a century's 

experience is behind 

every Paracoil Heat 

Exchanger. We solicit 

your inquiries. 

@ A battery of inter and after CO2 coolers for 

dry ice manufacturing process .. . for Publicker 
Industries, Philadelphia, Pa. 


DAVIS ENGINEERING 


CORPORATION 
1058 E. Grand St., Elizabeth 4, N. J. * 30 Rockefeller Plaza, New York 20, W. Y. 
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PEOPLE 


John J. O'Neill, Jr., has been ap- 


| pointed manager of the research and 


development de- 
partment of the 
explosives division 
_of Olin Industries, 
Inc., East Alton, 
Ill. He has been 
with Olin Indus- 
tries since 1940. 
Mr. O'Neill gradu- 
ated from the: Mis- 
souri School of 
Mines in 1940 with 


| « B.S. degree, and in 1951 he received 


his Ch.E. degree. 


John C. Simons, Jr., has left his 
position as section manager, Control 
Research Section, Westinghouse Atomic 


| Power Division, Pittsburgh, Pa., where 


for two and one-half years he has been 
active in the development of nuclear 


| propulsion for submarines. He is now 


associated with the staff of the Servo- 
mechanisms Laboratory at the Massa- 


chusetts Institute of Technology where 


he will continue his work on feedback 
control systems, 


Lyle F. Albright, assistant professor 


| of chemical engineering, University of 


Oklahoma, is serving this summer as 
visiting professor at the University of 
Texas, Austin, Tex. 


F. W. Wilson is now plant manager 
of the new Thiokol Corp. plant at Moss 
Point, Miss. Prior to this he was chief 
engineer at the Trenton, N. J., plant. 


A. S. KLOSS RETIRES 


\. Schubert Kloss, manager of pro- 
duction of the naval stores department 
of Hercules Powder Co., Wilmington, 
Del., retired July 31. He had been asso- 
ciated with the department's central 
office in Wilmington, since 1939. Prior 
to that, he served for nineteen years as 
manager of a naval stores plant in 
jrunswick, Ga., manufacturing rosin, 
turpentine, pine oil, and chemicals de- 
rived from them. Mr. Kloss holds a 
B.S. degree in chemistry from Wor- 
cester Polytechnic Institute (1912). He 
joined Du Pont in June, 1912, as a 
chemist at the Eastern laboratory in 
New Jersey. The following vear, he 
became associated with Hercules Pow- 
der Co., in California, and in 1914 was 
made smokeless powder supervisor at 
the Kenvil (N. J.) plant. Later he be- 
came dynamite line supervisor. During 
World War I he was assistant manager 
of the company’s Parlin (N. J.) plant. 
then transferred to Wilmington as assis- 
tant to the general superintendent of ex- 
plosives, becoming manager of Bruns- 
wick naval stores in 1920. 
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K. W. Coons, head of the depart 
ment of chemical engineering at the Uni- 
versity of Alabama, 
has joined the staff 
of Goslin-Birming- 
ham Mfg. Co., of 
Birmingham, Ala., 
on a full-time con- 
sulting basis for the 
summer. Dr. Coons 
has made numerous 
contributions to the 
industries of Ala- 
bama. He developed 
the Tallol refining processes used by 
National Southern Products Corp., Tus- 
caloosa, Ala., of which he is a director. 
He is vice-president of Warrior Asphalt 
Corp. and president of Warrior Sales 
and Development Corp., both Tuscaloosa 
corporations. 


R. P. Barry, Jr., is now assistant 
superintendent of the new chemicals 
and plastic resins plant, of Carbide and 
Carbon Chemicals Co., to be constructed 
at Seadrift, Tex. Mr. Barry has been, 
up until now, in the superintendent's 
department of Carbide’s South Charies- 
ton (West. Va.) plant as an area super- 
visor of chem‘cal production. He began 
with Carbide in 1936 upon graduation 
from Vanderbilt University with an 
M.S. degree in chemical engineering 
He specialized in ethylene oxide pro- 
duction and became an area supervisor 
in 1947, 


L. L. Davis has recently retired as 
manager of the development and _re- 
search department of the Continental Oil 
Co., Ponca City, Okla. He is retained 
by Continental as a senior research con- 
sultant and as such will continue active 
work on various industrial committees, 
and organizations, such as the A.S.T_M. 
and the A.P.I. 


Leon Hecht, Jr., recently appointed 
to the research and development depart- 
ment of the Chemstrand Corp., Decatur, 
Ala., was formerly with Godchaux 
Sugars Co. He is a graduate of Vander- 
bilt University with a B.S. and MLS. 
degree. During World War II he served 
with the U. S. Navy. 


Vincent J, Calise has been named 
director of the new research and de- 
velopment department created by the 
Graver Water Conditioning Co., New 
York. He was former!y associated with 
Liquid Conditioning Corp., and Per- 
mutit Co, 


John Marshall has recently been 
transferred from his position as group 
leader in the research laboratory of the 
Shell Oil Houston refinery to Shell's 
Wood River (Ill.) refinery, where he 
is now manager. 
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CURTIS AGAIN HONORED 
Francis J. Curtis, past president of the 
American Institute of Chemical Engi- 
neers and vice-president and director 
of the Monsanto Chemical Co., St. Louis, 
Mo., was recently elected president of 
the Society of Chemical Industry of 
its general meeting in Aberdeen, Scot- 
land. Mr. Curtis is the seventh presi 
dent elected from the American Section 
by the parent society formed in Eng 
land in 1881, 

Mr. Curtis lately ended a year’s leave 
of absence from Monsanto during 
which he served as assistant adminis 
trator in the office of the National Pro- 
duction Authority in Washington, D. C., 
in charge of its chemical, rubber and 
forest products bureau. Immediately 
following his graduation from Harvard 
Mr. Curtis became associated with the 
Merrimac Chemical Co., South Wil 
mington, Mass., a company which was 
later acquired by Monsanto. He trans 
ferred to the St. Louis headquarters of 
Monsanto in 1935 and in 1939 was ap 
pointed director of development. He 
was elected vice-president in October, 
1943. In January, 1951, Mr. Curtis was 
named the winner of the Commercial 
Chemical Development Association's 
honor award “in recognition of his 36 
years of contributions to commercial 
chemical development in America.” 


Jacob M. Geist, former assistant pro 
fessor of chemical engineering at M.1.1 
was appointed to the department of 
chemical engineering at the American 
Technion Society,’ New York, N. \ 
He is a B.S. graduate of Purdue Uni 
versity; he received his M.S. from 
Penn State Colege and his Ph.D. from 
the University of Michigan. A veteran 
of World War II, Dr. Geist served in 
the U.S. Army Chemical Warfare Serv 
ice and as a consultant to a number of 
corporations, among them the Badger 
process division of Stone and Webster 
Corp., Boston, Mass. He was also an 
instructor at Penn State College and 
the University of Michigan. 


A. Ralph Thompson has left the 
University of Pennsylvania, where he 
has been associate 
professor of chemi- 
cal engineering, to 
accept the position 
as professor and 
head of the depart- 
ment of chemical 
engineering at the 
University of 
Rhode Island, 
Kingston, R. Il. He 
will continue his 
association with the Sun Oil Co., Mar- 
cus Hook, Pa., as consultant to the 
technical service section, research and 
development department. 

(More About People on page 72) 
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GUARANTEED 
COLOR 
STANDARDS 


in Taylor pH, Chlorine, & 
Phosphate Comparators 
Assure Continuing Accu- 
racy at Economical Cost 


Every liquid color standard sup- 
plied with Taylor Comparators 
carries an unlimited guarantee 
against fading, thus you are as- 
sured of continuing accuracy in 
making determinations. 


Taylor Comparators are easy to 
use since there are no fragile, 
single standards to handle. Each 
Color Standard Slide houses a 
complete range of standards for 
any single determination. Slides 
and bases are made from rugged, 
durable plastic. Each complete 
set includes base, slide, reagents 
and accessories. Carrying cases 
are also available. 

Taylor sets are available for 
combinations of pH, chlorine and 
phosphate, complete water analy- 
sis and many more determina- 
tions. Write for this free booklet 
describing and illustrating the full 
Taylor line. Also gives theory 
and uses for pH, chlorine, and 
phosphate control in 34 basic 
industries. 


SEE YOUR 
DEALER FOR 
EQUIPMENT 


W. A. TAYLOR 22° 


412 RODGERS FORGE RD. + BALTIMORE.4. MD 
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MONOGRAPH 
AND 
SYMPOSIUM SERIES 


PEOPLE 


(Continued from page 71) 


Max F. Mueller has been appointed 
chief engineer of J. T. Baker Chemical 
Co., Phillipsburg, 

move 

which consolidates 

authority and re- 

sponsibility for en- 

gineering. functions 

under one head. 

A graduate of the 

University of Mich- 


a 


A second volume on Phase-Equilibria... 


PHASE-EQUILIBRIA—Minneapolis and Columbus: experimental and theo 
retical studies of distillation curves; light hydrocarbons; T.B.P. assays; p-v-T-x 
relationships; hydrazine-water and ammonia-nitrogen systems; graphical repre 
sentations; toluene-n-hexane mixtures; solvent extraction; thermodynamic formulas; 
fluorocarbons (approx. | $3.75 to members, $4.75 to nonmembers) . 


25 pages; 


Also Available 
SYMPOSIUM SERIES 


Phase-Equilibria—Pittsburgh and Houston (138 pages; $3.75 to members, 
$4.75 to nonmembers) 


Ultrasonics—two symposia (87 pages; $2.00 to members, $2.75 to nonmembers) 


(814 by 11, paper covered) 


MONOGRAPH SERIES (8: by 11, paper covered) 
Reaction Kinetics by OLaF A. HouGeN (74 pages; $2.25 to members, $3.00 to 


nonmembers) 
In Preparation 


MONOGRAPH SERIES 
Diffusion by THomas B. Drew 


SYMPOSIUM SERIES 
Reaction Kinetics 
Heat Transfer 
Phase Equilibria Il 


The price of each volume depends upon the number printed. Subscriptions to the | 
series, Which allows a discount of 10%. make possible larger runs and consequently lower | 


prices. The discount applies to all volumes in both series published in 1952 and 
subsequent years, 


CHEMICAL ENGINEERING PROGRESS 
120 East 41 Street, New York 17, N. Y. 


C) Please enter my subscription to the CEP Symposium and Monograph Series. | will be 
billed at a subscription discount of 10% with the delivery of each volume. 


Please send: 
O 


copies of Phase-Equilibrio—Mi lis and Col 


| 


| 


() copies of Phase-Equilibrio—Pittsburgh and Houston. 
C) copies of Ultrasonics. 
C) copies of Reaction Kinetics. 


C) Bill me [) Check enclosed (add 3% soles tax for delivery in New York City). 


Junior 


Student 
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igan, Mr. Mueller 

joined the Baker 

staff in March, 
1951, as manager of the chemical engi- 
neering division. Prior to that he was 
senior engineer with Blaw- 
Knox Co.'s chemical plants division, 
Pittsburgh, and formerly was project 
engineer with Davison Chemical Corp.'s 
consulting engineering group in Balti- 
more. Mr. Mueller served in the armed 
services during World War II. 


Norman W. McLeod received an 
award at the ASTM 50th Anniversary 
Meeting for his paper entitled “Appli- 
cation of Triaxial Testing to the Design 
of Bituminous Pavements.” This medal 
is presented for a paper of outstanding 
merit constituting an original contribu- 
tion on research in engineering mate- 
rials. Mr. McLeod is an engineering 
consultant, Department of Transport, 
Ottawa, Canada. 


process 


E. J. Fox is the new plant super- 
intendent of Carbide and Carbon Chemi- 
cals Co.’s Texas City plant. He was 
iormerly assistant superintendent. F. H. 
Belden, who was appointed assistant 
superintendent in March, 1947, is now 
in charge of raw materials, gas plants, 
and polyethylene operations, process de- 
velopment and manufacturing office. 


Donald S, Shepherd has recently re- 
ceived the appointment divisional 
vice-president of 
Winthrop-Stearns, 

Inc., in charge of 
its pharmaceutical 
manufacturing op- 
erations at Myers- 
town, Pa. Mr. 
Shephard was, for 
five years, manager 
of the Phillips’ 
milk of magnesia 
plant of Sterling 
Drug, Inc., Guliport, Miss., of which 
Winthrop-Stearns is a subsidiary. Join- 
ing the Sterling organization in 1936, 
he was from 1937 to 1947 assistant 
technical director of the Chas. H. Phil- 
lips Co. division plant at Glenbrook, 
Conn. He is a graduate of Brooklyn 
Polytechnic Institute with a B.S. in 
chemical engineering, and took post- 
graduate work at Columbia University. 


as 
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William L. Bolles has recently re 
joined Monsanto Chemical Co., Texas 
City, Tex. as a 
project leader in 
the process engi- 
neering department. 
Previously for the 
past year, he was 
editorial director of 
Petroleum Refiner. 
In his new position 
he will assume 
responsibility for 
process engineering 
on a number of projects in connection 


with Monsanto’s current expansion pro- 
gram. Bolles had previously been with 
Monsanto in its general development 
department in St. Louis, as well as the 
Texas division in Texas City. Bolles 
currently serves as Treasurer of the 
South Texas Section. 


Lester E. Johnson has been ap- 
pointed product manager of Mathieson 
Chemical Corp.'s organic chemicals de- 
partment. Prior to joining Mathieson, 
he was assistant to the manager, chem- 
ical sales development, U. S. Industrial 
Chemicals Co. He is executive secretary 
of the Commercial Chemical Develop- 
ment Association and formerly chair- 


man of its public relations committee. | 


A graduate of the University of South 


Dakota with a B.S. degree in 1933 and | 


the University of Cincinnati with a 
Master’s degree in engineering science 
in 1938, Mr. Johnson was a production 
chemist for National Aniline and Chem- 


ical Division from 1938 to 1940. From | 


1940 to 1941 he was with Du Pont Co., 
and served with the Chemical Corps 
Technical Command during World 


War II. 


Gerald L. Farrar has recently be- 
come the engineering editor of the Oil 
and Gas Journal. 
He will be in the 
Tulsa offices of the 
Journal and be re- 
sponsible for the 
guidance of the 
engineering pro- 
gram. Farrar has 
been associate pro- 
fessor of chemical 
engineering at A. 
and M. College of 
Texas for five years. 


He was gradu- 


ated from Texas Technological College | 


in 1942 with a degree in chemical engi- 


neering. Since that time he has received | 


the M.S. degree in chemical engineer- 
ing from A. and M, College of Texas, 
and the professional degree of chemical 
engineer from Texas Tech. During the 
war he was engaged in research on pro- 
duction of aviation gasoline with the 
Magnolia Petroleum Co. in Dallas. 


(More About People on page 75) 
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ATTRITION 
Mills 


m Mill 
tor belt 


Sizes: 8”, 18”, 24”, 30°, 40” 

Used for grinding, gran- 
ulating, decorticating, inten 
sive mixing and blending 

Our sales engineers are 
qualified to design cthcent 
cleaning, feeding, crushing, 
milling, and separating sys 
tems. They'll be glad to 
conter with you 


Ask for literature and 


data. 


Bauer Single Revolving Disc 


Attrition Mill. Built-in motor 
or pulley for belt drive. 2 to 
450 hp 


THE BAVER BROS. CO. 


1794 SHERIDAN AVE. e SPRINGFIELD, OHIO 


VITREOSIL* (Vitreous Silica) laborotory wore 
is @ superior replacement for porcelain and 
glass and oa sotisfactory substitute for plati- 
num in many cases. Greater chemical 
purity and high resistance to heat shock 
compared to other ceramics ond 
low initial cost compared to plati- 
num hove led to the universal 
adoption of VITREOSIL as a sub- 
stitute for platinum, porcelain and 
other materials in many onalyti- 
cal procedures. 


Stondord items of VITREOSIL 
Laboratory Ware include trons- 
parent, glazed and unglozed 
crucibles, evaporating dishes, 
beokers, tubing, etc. 


Large stock enables 
prompt shipment. 


Write for Technica! Bulletins giving 
full descriptions, specifications, and prices. 


*® 


THE THERMAL SYNDICATE, LTD. 


14 BIXLEY HEATH LYNBROOK, N. Y. 


| MOST COMPLETE LINE AVAILABLE | 
‘ drive wt 600 bp 
Ye 
1 
‘ 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at I5c a word, with a minimum of four lines ac cepted. Box number 
counts as two words. Advertisements average about six words a line Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
(about 36 words) free of charge per year More than one insertion to members will be 
made at half rates. In using the Classified Section of Chemical Engineering Progress it is 
agreed by prospective employers and employees that all communications will be acknowl! 
edged, and the service is made available on that condition. Boxed advertisements are available 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements al! 
box numbers should be addressed care of Chemical Engineering Progress, Classined Section, 
120 East 4Ist Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the !5th of the month preceding the issue in which 
it is to appear 


VIBROX PACKERS 
SAVE.. 


1. PACKING TIME 
2. CONTAINER COSTS 


The sturdy VIBROX packs dry, pow- 
dered, granulated or flaked materials 
quickly and densely. It permits the 
use of smaller, less costly containers; 
cuts packing time considerably; re- 
duces labor costs by as much as 
one-third! 


SITUATIONS OPEN 


CHIEF MATERIALS AND PROCESS ENGINEER 


Opening for experienced man to supervise Materials and Process Department. Work 
is in the fields of chemistry, metallurgy and mechanical processing, plastics, adhesives 
and sealers. Must be engineering graduate and have had supervisory and a minimum 
of five years aircraft experience. 


Send complete résumé to Technical Placement Supervisor, 


MCDONNELL AIRCRAFT CORPORATION 


St. Louis (3), Missouri 


The VIBROX is a complete, self-con- 
tained machine built for years of de- 
pendable, low-cost service. Find out 
exactly what VIBROX can do for 


YOU. Write for complete informa- 
tion NOW! 


CHEMICAL ENGINEER—Large new chemical 
and manufacturing company near New 
Orleans desire services of top notch chief 
engineer Must be experienced in anhy- 
drous ammonia production and preferably 
also urea and evaporator design and appli- 
cation knowledge Interested applicants 
submit photo and experience résumé and 
state salary desired Box 1-8 Chemical 
Engineering Progress 


ASSISTANT OR ASSOCIATE PROFESSOR 
OF CHEMICAL ENGINEERING — Teach 
undergraduate and graduate Chemical 
Engineering courses, supervise research 
Opportunity for industrial consulting and 
research work Department of Chemical 
Engineering. University of Utah, Salt Lake 
City 1, Utah. 


The No. 41 VIBROX 
PACKER packs 100 
to 750 pound drums, 
kegs, or borrels; 
other models pack 
containers from 5 to 
75 pounds. And 
there's a VIBROX 
specially designed 
for packing bags. 


ASSISTANT PROFESSOR OR INSTRUCTOR 

—Ph.D. preferred. To fill unexpected 
vacancy beginning September, on 
teaching and research staff. R. L. Pigford, 
Chairman, Department of Chemical Engi- 
neering, University of Delaware, Newark, 
Delaware. 


SALES ENGINEER 


An expanding medium sized firm lo- 
cated in Connecticut since 1832 has an 
opening with excellent opportunities in 


TEAR OUT—PASTE ON LETTER- 
HEAD AND 


8. F. GUMP CO., 
1311 So. Cicero Ave., Chicago 50, Ill. 
Gentiemen: Please send me descriptive liter- 

oture and complete information on 

GUMP.Built Equipment indicated below: 

C) BAR-NUN SIFTERS—grade, scalp or sift 
dry moterials. 

C) DRAVER FEEDERS—accurate volume per- 
centage feeding. 

[) DRAVER Continuous Mixing Systems— 
accurate, efficient mixing. 

C) VIBROX PACKERS—pack dry materials 
in bags, drums, barrels 

NET WEIGHERS — automatic 
range from 3 oz. to 75 Ibs. 


B.F. Gump Co. 


sand M s Since 1872 


weights 


1311 SOUTH CICERO AVE 


| CHICAGO 50, | 


their Sales Department for a qualified 
man to cover the Philadelphia area 
Desirable to have an engineering degree 
or engineering background, preferably 
with sales experience, but not neces 
sary. Should be between 25 and 35 
years of age Guaranteed earnings 
plus expenses the first year; straight 
commission plus expenses thereafter 
This organization is a creator and fab- 
ricator of unique fibrous and plastic 
materials. Interested men are invited 
to write for further particulars and 
submit a résumé of their experience 
and training, a recent photograph, and 
salary expected. Box 2 


OUTSTANDING OPPORTUNITY 


The rapid expansion of the 
Aluminum and Chemical Corporation 
has reated permanent supervisory 
position in Jamaica, British West In- 
dies, for man with B.A. degree in chem- 
istry or equivalent analytical labora 
tory experience in ore dressing or 
metallurgy Experience in industry 
handling silicious materials desirable. 
Salary open If interested, forward 
complete details of experience, educa- 
tion and family status to Personnel 
Department, Room 106, 1924 Broadway, 
Vakland 12, California 


Kaiser 
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PLANT MANAGER 


Chemical Engineer, DDT expe- 
perience required. Age 30-45— 
willing to relocate in South 
America. Only consider top notch 
man with production experience 
and know-how. Should be able 
to assist in design, construction 
and operation of new plant. 


Salary open. Box 3-8. 


SITUATIONS WANTED 


A.|.Ch.E. Members 
CHEMICAL ENGINEER—M.S 


search and development. Experience cost 
estimating and technical report writing. 
wish to diversify professional background 
Will consider all challenging offers. Avail- 
able reasonable notice No geographical 
preference. Box 4-8. 


Five years re- 
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(Continued ) 


CHEMICAL ENGINEER—BChE. 1948. Age 
24, married. Two years’ experience produc- 
tion, construction, maintenance, in 2, 4-D, 
DDT and food processing. Now stationed 
with U. S. Army Chemical Corps as research 
_engfnane. Available October, 1952. Box 5-8 


CHEMICAL. ENGINEER _M.S 1947 Tau 
Beta Pi. Six years’ industrial experience, 
including three years petrochemical re 
search and three years process design and 
cost estimation. Additional two years’ ex- 
perience in atomic energy project. Box 6-8 

SALES ENGINEER B.S.Ch.E Presently 
covering Philadelphia, Wilmington, Balti 
more, and Central N. J. for two chemical 
process equipment manufacturers; handling 
sales and engineering services and pro- 
motional work Present basis is straight 
salary and expense. desire to affiliate with 
an organization willing to add commission 
to salary and empensse. Box 7-8 

REGISTERED - CHEMICAL ENGINEER 33 
Twelve years’ experience, design and con 
struction chemical plants including am 
monia, rayon, synthetic detergents chlorine, 


oxygen Capable of assuming complete 
charge of project from preliminary 
studies and estimation through “io engi 
neering Desire permanent responsible 


position as project engineer. Prefer South 
west or West. Salary $10,000. Box 8-8 

CHEMICAL ENGINEER Available for em 
ployment in India January |, 1953. B.S.C 
in Chemistry (University of Bombay 
1948); one vear of Law; B.Ch.E. (Iohn 
Hopkins—1951); M.Ch.E Poly- 
technic Institute—1952. Bex 


CHEMICAL ENGINEER B.S.. completing 
1.S. in near future. Three years’ industrial 
experience in research and process develop 
ment. Desire position in design and/or 
construction in New York City area. Mar- 
ried, veteran. Box 10-8 

CHEMICAL ENGINEER B.S.Ch E. June, 
1952, Columbia University Young. ener- 
getic, eager to learn. Desire position with a 
future. N. Y.-N. J. area only. Box 11-8. 


CHEMICAL ENGINEER—B.S.. 1950, Honors, 
Honor Societies. Age 29, family, veteran 
Two years’ experience, development and 
technical service, latex dipped products 
Desire position, preferably development, in 
progressive company with opportunity for 
advancement and growth. Box 12-8 

CHEMICAL PRODUCTION SUPERVISOR — 
BCh.E. Age 33. Variety of experience in 
on explosives, mineral acids, and heavy 
chemicals. Some maintenance supervision 
Desire to relocate in West with expanding 
company. Box 13-8 


PATENT-TRAINED CHEMICAL ENGINEER 
Interested in starting patent program for 
small company. B. Chem. E. Cornell, Tau 
Beta Pi. Age 26, married, veteran. 1'4 
years’ petroleum research experience. Two 
years as patent examiner. Legal 
training. Box 14-8 


CHEMICAL ENGINEER M.S. Age 34. De 
sire responsible supervisory position. Sev- 
eral years oil refinery experience, which 
includes research pilot plant work, process 
supervision. Specialized in process scale up 
based on dynamic similitude. Box 15-8 


TOP-NOTCH TECHNICIAN M.Ch.E Tau 
Beta Pi. Languishing in administrative job 
wishes change to design, development, re- 
search. Thirteen years’ varied experience 
pharmaceuticals, fungicides insecticides 
Age 34. married, family Northern N. J 
only. Box 16-8 


CHEMICAL ENGINEER-B.ChE. 1943. Five 
years’ development and design experience 
Veteran, married, three children. Age 33 
Desire imaginative position development or 
production. Box 17-8 


CHEMICAL ENGINEER—BChE. 1949. Age 
32. married, two children, veteran. Three 
years’ experience covers antibiotic extrac- 
tion, engineering study reports. field in- 
spections Early schooling includes busi- 
ness education. Desire diversified and chal 
lenging position. Box 18.8 
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(Continued from page 73) 


Crawford H. Greenewalt, president 
of the Du Pont Co., Wilmington, Del., 
has been chosen to 
receive the Chemi- 
cal Industry Medal 
for 1952, according 
to an announcement 
made today by the 
American Section 
of the Society of 
Chemical Industry, 
donor of the medal. 
Mr. Greenewalt has 
been president, 
chairman of the Executive Committee, 
and a member of the Finance Commit- 
tee of Du Pont Co. since 1948, the peak 
in a career begun in 1922 when he joined 
the Philadelphia Works of the company 
as a chemist. He is a graduate of Massa- 
chusetts Institute of Technology, where 
he received a B.S. degree in chemica! 
engineering in 1922. 

The Medal was established in 1933 
and is awarded annually in recognition 
of conspicuous services to applied 
chemistry. 

E. C. Medcalf has been named head 
of the coal tar chemicals department, 
American Cyanamid Co., Calco chemi- 
cal division, Bound Brook, N. J. In 
this position he will be in charge of 
the purchase and sale of coal tar and 
light oil crudes. Mr. Medcalf received 
his M.A. degree from Indiana Univer- 
sity in 1932. In 1933 he began his ca- 
reer with Calco chemical division as 
a trainee and shortly became a research 
chemist, a group leader, assistant chief 
chemist and production superintendent 
of coal tar department. He was ap 
pointed chief chemist in 1945 and in 
1950 was made vice-chairman of Chem- 
icals Department Technical Committees. 


T. H. Dinwiddie is now with the 
Oliver Tire and Rubber Co., Oakland, 
Calif., as a development engineer. In 
this position he is responsible for the 
development of new products and proc- 
esses in relation to mechanical rubber 
goods manufacture. His former posi- 
tion was plant engineer with the Kaiser 
Aluminum & Chemical Corp.'s basic re- 
factory plant, Moss Landing, Calif 


T. R. Harris, formerly in the engi- 
neering sales department of Monsanto 
Chemical Co., St. Louis, Mo., is still 
with Monsanto but is now  superin- 
tendent of the sulfuric acid and sludge 
recovery plant now being built by 
Leonard Construction Co. at Avon, 
Calif. The plant is owned jointly by 
Monsanto Chemical Co. and Tidewater 
Associated Oil Co. 


(More About People and Necrology 
on fage 76) 
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The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 
colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 
tion of Molybdenum. 


TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


Climax 
Molybdenum 
Company 


500 Fifth Avenue 
New York City 
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New industrial application of atomic 
energy employs radium and hydrogen 
tube. Catalyst level is measured by 
number of atomic impulses passing 
through the counter tube. The pri- 
mary element is the GAGETRON. 


The GAGETRON is manufactured un- 
der Graham Patent No. 2,565,963 


ee Code for use of 
FREE radium. Also GAGETRON 


® Bulletin No. 149. 


INSTRUMENTS, INC. 


122 N. Madison Tulsa 6, Okla. 


MARTINDALE 
PROTECTIVE MASKS 


race a 
WELL 
uP AROUND 
HEAD TO KEEP 
PING DOWN 


PRESS NOSE ‘a 
TABS IN CLOSE ‘ 
AGAINST race 
PRESS EDGES 
~ OF FACE PLATE 
TO FIT 
FACE SNUGLY 


Weigh less than 4 ounce 

These light-weight aluminum masks 
provide protection against over 400 
dusts such as wood, coal, lime, salt, 
cement, grain, rust, paper, textiles, 
some insecticides, paint spray from 
non-toxic paints, etc. 

Pads can be changed in a few seconds. 
Only clean gauze touches the skin. 
Comfortable to wear. Workers like 
them. 

Martindale Protective Masks....$.30 ea. 
No. 1 Refills (Standard weight) .02 ea. 
No. 2 Refills (Heavyweight) .02% ea. 


Write for quantity discounts 
MARTINDALE ELECTRIC CO. 


1322 Hird Ave., 
CLEVELAND 7, OHIO 
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MAXWELL AND NASON 
OFFICERS OF A.S.T.M. 


Harokl Lee Maxwell, supervisor of 
mechanical engineering consultants at 
Du Pont Co., Wilmington, Del., was 
elected president of the American So- 
ciety for Testing Materials at its Fif- 
tieth Anniversary Meeting. Howard K. 
Nason elected a member on the 
board of directors. 

Dr. Maxwell graduated from Cornell 


Was 


College with a B.S. degree in chemistry. 


He received his doctorate from Iowa 


| State College and then served as asso- 


ciate professor of chemical engineering 
at Purdue University from 1926 to 
1930. He joined Du Pont in 1930 and 
during the following years organized 
three large metallurgical groups. Asso- 
ciated with A.S.T.M. for many years, 


| Dr. Maxwell has served on both tech- 
| nical 


and administrative committees. 
During World War II he served on the 
War Production Board Technical Ad- 
visory Committee concerned with mater- 
He also 
missions to 


che nical 
technical 


for equipment. 


| Europe following the war. 


Nason is research director, or- 
chemicals division, Monsanto 
Co., St. Louis, Mo. From 
1932 to 1936 he was chief chemist for 
Anderson-Stoltz Corp., Kansas City. 
He with Monsanto 


Mr. 


ganic 


became associated 


| Chemical Co. in 1936, first as research 


chemist, and from 1939 to 1944 was 
assistant director of research for the 
plastics division, Springfield, Mass. 
From 1944 to 1948 he was with the cen- 
tral research department, Dayton, Ohio, 
hecoming director in 1948, and in 1950 
was made assistant to Monsanto's vice- 
president in charge of research, develop- 
ment and patents. He was appointed to 
his present position in 1951. Mr. Nason 


| received his A.B. in chemistry from the 


University of Kansas. 

Charles W. Hamilton is now asso- 
ciated with the Wyandotte Chemicals 
Corp., Wyandotte, Mich., in the organic 
section of the process engineering divi- 
sion. He was formerly with the National 
Aniline division of the Allied Chemical & 
Dye Corp., Buffalo, N. Y. 


Kenneth R. Nickolls is now a mem- 
ber of the research department of Mon- 
santo Chemical Co.’s plastics division, 
St. Louis, Mo., as a research engineer. 
He had been employed for the past four 
years in process engineering work for 
General Aniline & Film Corp. at Easton. 
He holds a B.S. degree in chemical 
engineering from the University of Illi- 
nois (1943) and an M.S. degree in 
chemical engineering from the Univer- 
sity of Michigan (1948). 
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Max H. Zimmermann, technical di- 
rector of the Blatz Brewing Co., Mil- 
waukee, Wis., has been promoted to 
head the expanded research laboratory 
of the company in addition to his pres- 
ent post. As technical director Dr. Zim- 
mermann handles the formulae and 
processes as well as the quality control 
of all Blatz products. Under the new 
arrangement he will direct all research 
activities. Dr. Zimmermann joined the 
organization as technical director in 
1948. Previously with Narragansett 
Brewing Co., Cranston, R. I., he has 
also been associated with the Schwarz 
Laboratories, New York, N. Y., and the 
Firestone Tire and Rubber Co., Akron, 
Ohio. He attended the University of 
Tubingen, Wiirttemberg; University 
of Hamburg, and the University of 
Griefswald in Pomerania where he re- 
ceived his Ph.D. degree in 1920. Dr. 
Zimmermann came to the United States 
in 1924. 


Keator MecCubbin, formerly man- 
ager of the fats and oils department, 
Blaw-Knox Construction Co., Pitts- 
burgh, Pa.. is now manager of this 
same department in Chicago. This new 
branch is staffed to handle completely 
a contract— engineering, procurement 
and construction, 


W. S. LANDES RETIRES 


W. S. Landes has recently retired as 
vice-president of the plastics division of 
Celanese Corporation of America. He 
began with the Celluloid Corp. in 1921 
and was president of the firm for ten 
years before it was merged with the 
Celanese Corp. in 1941. As director of 
the old Plastics Materials Manufactur- 
ers Association and also of the Manu- 
facturing Chemists Association he led 
the movement to merge the two associa- 
tions which was finally consummated in 
1950. Next year Mr. Landes plans to 
become a consultant in industrial man- 
agement specializing in the chemical 
and plastics industries. 


Necrology 


R. I. BASHFORD 


Raymond Irving Bashford, consult- 
ant, Olin Industries, Inc., died in Bara- 
boo, Wis., July 19. Early in his career 
he was associated with the Atlas Powder 
Co.; first in the operating division and 
later as assistant to the vice-president. 
Subsequently he went with the Nickel 
Alloys Co., Grasselli Powder Co., and 
the Peerless Explosives Co. More re- 
cently he was consultant to Liberty 
Powder Co., Wabash River Ordnance 
Works, Newport, Ind. Mr. Bashford 
received a B.S. in chemistry in 1913 
from Syracuse University. 
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FRUSTROSITY* CASE No. 21: 
Mr. Visgobad is wondering what ha 
d! If he had a 1952 Brookheld 
/iscometer at hand, he would know all 
the viscosity answers — could make de- 
terminations directly in centipoises in a 
matter of seconds in lab, plant, or both, 
Whether the materials you work with are 
Newtonian or non-Newtonian, you owe 
it to your wife, customers and co-workets 
to get up-to-date information on a 
field Viscometers adaptable to any pro 
lem from less than one to 32,0000 
centipoises. Ask your Lab Supply House 
or drop a line to Dept. H, Brookfield 
Engineering Laboratories, Inc., Stough 
ton, Mass. 
tu lem is Viscosity Determination or 
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MEET CORROSION PROBLEMS 


CHILL-VACTORS 


The chemical industries are employing more and 
more Croll-Reynolds Evactors in vacuum proc- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastalloy, and Illium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 
17 John Street, New York 38, N. Y. 
STEAM JET VACTORS 


CONDENSING EQUIPMENT 
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with the Speed and Economy 
of a Thermocouple... 


* Highest Sustained Accuracy ... 


Z permits use with very narrow scales 


* Fast Response positive metal-to-metal 


end-contact with welt or socket 


* Fits Any Well or Socket of 14” inside 


diameter or larger 


Designed with super-fast end contact, the 
Dynatherm Resistance Bulb combines 

the advantages of both thermocouple and 
resistance type temperature measurement in 
ranges up to 600°F. It permits you to benefit 
from the inherent accuracy and stability of 

a resistance bulb, without premium cost or need 
for special wells or sockets. 


The Dynatherm offers higher sustained 
accuracy than thermocouples. It eliminates 
need for reference junction compensation . .. 
gives stability in measurement impossible with 
thermocouples. This resistance bulb is so 
sensitive throughout its entire range that full 
accuracy is maintained even on narrow scales, 
and its speed, when used in a socket, is equal 
or superior to that of a thermocouple similarly 
protected. Write for full details. The Foxboro 
Company, 938 Neponset Avenue, Foxboro, 
Massachusetts, U.S.A. 


*Trade Mark 
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FACTORIES IN THE UNITED STATES, CANADA AND ENGLAND 
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CHEMICALS 


The Quaker Oots Company 


New furfural plant at Omaha showing in the foreground a cutaway view of the chemical process Zz 


This new furfural plant at Omaha is the latest addition to the pro- 
duction facilities of the Quaker Oats Chemicals Department. The third and 
largest of its kind, it incorporates the most modern features of engineering 


VULCAN 
ENGINEERING DIVISION 


design backed by operating experience from the first two plants. Speci- OFFERS: 
fication furfural was produced within forty-eight hours of starting up the { 
distillation and recovery equipment which was designed and built by Vulcan. oes tac 


Important to the economics of this new plant is the recovery of PROCESS DEVELOPMENT ‘ 
wastapenis all the heat in the digester vapors, utilizing Vulcan's —— PROCESS AND PLANT DESIGN 
design steam generators. This more than supplies the heat required for 
EQUIPMENT DESIGN AND 
, the refining operation leaving a surplus available for other uses. Improve- 


MANUFACTURE 
ments in recovery and refining have reduced product losses and impurities 2 
to a negligible quantity. 


INITIAL OPERATION SERVICES 
Here is an excellent example of results achieved in chemical process 


design through the close integration of Vulcan's experience with that of 
the customer. 


Inquiries concerning process problems will receive prompt attention by the engineering stoff. 


VULCAN ENGINEERING DIVISION 


The VuLCAN Copper & SUPPLY Co., General Offices and Plant, CINCINNATI 2, OHIO 
NEW YORK BOSTON PHILADELPHIA SAN FRANCISCO 
5) YEARS OF SERVICE VICKERS VULCAN PROCESS ENGINEERING CO., LTD., MONTREAL, CANADA 


ENGINEERING DIVISION @ MANUFACTURING DIVISION © CONSTRUCTION DIVISION @ INDUSTRIAL SUPPLY DIVISION 
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Thay man has information on over 1000 
evaporator installations 


The Combined Experience of ali Swenson Engineers 
Assures Better Processing at LOWER COST For You! 


Chemical processing firms throughout the world have 
been helped by Swenson engineers in the development 
of over one thousand evaporator installations! The 
problems encountered and the solutions effected are 
known by every one of our engineers—and you can have 
this combined experience—just for the asking. 


Swenson engineers saved these firms large sums of 
money and helped greatly to speed the production of 
uniform, quality products. Previous experience and its 


SWENSO. 


Proved. for the Process Endustues 


SINCE 1889 


A Division of 
WHITING 
Corporation 


application to each particular problem was an im- 
portant reason for such accomplishments. Outstanding 
results have also been attained in many hundreds of 
filtration, crystallization and drying installations. 

So use Swenson experience! Talk to a Swenson Engineer 
now . . . before you plan so that he can help you plan. Let 
him do much of the “tough” work . . . analysis, layout 
and design, and recommendation of equipment. You 
will be assured of an installation that meets every spe- 
cific requirement! 

SWENSON EVAPORATOR COMPANY 
15690 Lothrop Avenue Harvey, lilinois 


EVAPORATORS PRAY DRYER 


FUTERS 


\ 
CRYSTALIZERS 
j 


